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‘aft s flaw #i i a* 

cwt ifcpii 4-fro ftRa «rc*«f»ra *wm 4 cmi i 
tfftft alfaltoJ <H*I ?®a *ra TRtf afirefs I 

aft 4 sftrt« awtrttat «w % aftft ^ 

qpiwwift w *\. qsftft arf^ri fell *rfoft 
ffefti^ afate i $ftft fia 4 *(w^w ^ %s ^ aafo* 
Itfes ^i i 

4 *p?Rftft «jcti 4Rtfto iw% aft 4^tef f m 
Wft *ftttt$ff I 

^*ii aftft n inform cwa afifti ftafara fawft ftftn 

«ftft afiftft csfcl «flPRtnr ^ $n ^1 *fi #rcfot 4 
<j?mftrft ^ *fci ^rfttfte fe*rffe5 tfforc i ^fis— 


aairt, 

^ hfji, >« 8 lr 


< 5 Wftl 



> ... ,.. i 


* 

P ^5 

• 

• • • 

• • • 

c 

« 


• • • 

• • • 


8 

pihiwnr m 

• • • 

• • • 


t 

*?j$N pat? 

• • • 

• • • 


'J* 

srpj% *f»wn 

• • • 

• • • 

*• 

1 

step few 

• • • 

• ti 

*V2> 

b■ 

■tfro f^f'Qsrrsn 

• • • 

m a a 




• • • 

a a a 

*b 


'Q feftfa'Q 

• • • 

a a a 

VSo 


^jtf^pt qtan . . 

• • • 

a a a 

\&b 


■tfjOTt*—froi; 

• • • 

a a a 

88 

*» 


• • • 

a • a 

8fe 

>8 

*rns1 

• • • 

1 

a a a 

8* 

><T 


• • • 

a a a 

£VD 


«t3 

• • • 

• + • 

t<t 

il 

step ^ few 

a a a 

a a a 


>b 

c*tt $tft step 

• • • 

a a a 

<tb 


CWtffefa 

• < • 

i a a 

ft* 

*° 

5^F5 

• • • 

■ • 


O 

TOl^ ftwM 

• • t 

a • • 

*b 

** 

stum 

• • • 

• ■ • 

^8 


3Rit'Q-53F 

• • • 

i • • 

11 

*8 

*1 

• • • 

• • a 

W 


fat-arat* 

• • • 

i • a 

Hr 

**» 

TO *lf*P 

r 

• • • 

• • ■ 



^ ) 

• • • 

t a a 

*•• 





C«C^fs *5 Stfa S(f «1 31 CT 1 TR 

^tfcjC'S sif«tc^ re* *r* »tw» 

^tfgc^s ^tfgc^s f*£ 5)1 C*G5 I 
-5)1^ ^fat5!f5I, ^fif S)1 5tf?*1 51$ 

«C*I$ C31 «*s J)tc«t »m fasfj *tt$. 

falJCit CTOtfl. 5lfV« Hi C^C5 


?*t@ HW I 






G*rtaf*wi 

^stf?:»ra *r« w *?c^i *i«?n 355 a? ®fa»nf% -sT$tat 1 ^f %9 
*lWttfs f’mtfewi trWR il^tS c^fa^ti c*r®ri ^t^CSCf 1 
c^ra T5tni^« ’stfn? fswi 4$qs*psw fr»T$ <?w *r* *rtt«i 

*n mt surwr "*rt 1 
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CTtwMWW RtRt^R ’Tt^WT ^5 I RCR R^lTf CR 

f^ratfe BarteR ^Wor '®n^«t s?nr, Tt^fa ^rri Rtt i 4 crMrt 
CT^R'apnr ntR to s* Rtt i «ap ri 

Rfljww ^ rr rm*^ a ^wRt^ftpRr RstRtc*Br *r*$<6 rr 

ctfRRtR crWrj Rd an i ^rfRtenr uprfta rr ^ptRtR 

^iwkr ^fRRi Rtfas i 

gftfta srR^t—fct «snfat 

'stsBr rr ^fRRh rr ^wBror rurs^ ^ ^ i ^rr 

^Rit «w «rBpR*i rIrr i 'Brtmire ^rtPTtf^^ 

R'SR'fa ffa rbr *rf%f f® RTf’tR ^r< fe^Br ^ttR ^wBtrr 

RSRtR Rtfa Rt^Ut 5Tt« Rsfa*T | 

«npi rB*r RfRre rbr Rt§ crr ^rr^tcr ^fRRt ^rrir 
rj^jr fes**i 'srtmtc^ srfe rtcr, tobi fa?*M *mfc rr ^wiw 

^fRRl rn i are-f: Rf?R RtfwBr RFfito RrBFttn fed R1 r| osttR 
R1; «jfRRt Rtt^R R3 ^RtR RtR Rt^5^, CR^J fe^Bf «rffe RW 

•rtrBrapCTf , *rmrBF ri , «TOF < Br c«w ribh 



* ft 

«p?fip e l—# 

wts TO wR»r ct ffai ?i *tfara c«t^t fi* >prft ^ i 

• 1 

^W? *nr ct *rtt, ^<r st*ra ^tTO firt 
to i w c 3 ! orc*f sfr-ro? «rt=i *firai «nrt? wnw; 
w ctw otarw «rat<$ S5$ sfa ipfips i *5 .. “c^r*? 

3.T3*il y '. A > . . - / . 



f*rai <h- 

*tfiN6l «OT&1 W^5 OR ^^*1 tfwl tTO CW^fl OTI ^ C? 4*^ 

«pvfir TOttf-sirt? sapwni ^trow toj, ^rfir 

«(fw$ ftni ?? fwfir C^ CT 

ftroj «wff*i *f*cro i 

5CH3 gfaff ewfoi 

TO fBji TOtu «w?t fret? c*rc 5flt i ct 

Ctffa TO? ^ITO? falfas $t»| ^F ?tfe l /Stfnft ITS Kg f^f^S 






















«rwc-r to i toi cWfwi - 4 *prafa >I*it.<rft« 

=^r i v\ ct^w cm awfiq .^fifcTO* 

5^9 ffo (Ti^r i 

scaafofa 

5 ^ &nrfas 1%*m ^ ^t^*i to i rHtw 

toict ft* ft* ^5apmt* *rf*3*«i ^f?nri f^saRtc^ 
to i fos R5?r *£ffor $$cs «rt* >* AN *m »rtc*r i 5 tf*i ^tf% 
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*f**1 fe ftp* R53 *rrTO TtfWS *tTTO «ltfl i« RR *t<ftf 
WTj flffare •tt'fflU *t* i Kara «rttt*-sf*i* fyti c»1Wi« 
to i *t?fa 55 TOtt*t ^rrc^rl ot i ^ rtfftsp k«* 

fro rtfrn *e»i i 






























' ?tnr flat ftft gift *fiit ga w^ t rn 

qtre i «rfat* *fat* >iw *ct ^rfatw #Rt* fi?w 
5R^«itrei <ift 

srjf an ctftos item fro mfo*1 to i 

3%e«ifo 



^faf iftll 

aR»t: Hjcwi ifo ^S Item W *ro ^fipi ’stfl'Q 

% Jtftl CTO sfWt *ilfiw lltocci C*im? 

C^ ^tR— 
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1 

1' * 


fatfac** nfatws 4^1 fartfc ^fitentn* i ■nTO* *jf«r*t 
'9 tmi ^rctt faift *fcne ^j fai i^rcn 

C*ltri$ ^ I T$K3 CQZS. Stfoll ^TO* <$faft* TO c* W «?TO 
to ^fw® 05 , CTOto $% ^OT I TOW* ^f«(ft9 oq<ff& ^ I 
TO* C**ft <5$C* C* C5 *tft*1 C* W to TOT, 

TOto* &w *cn i 5g ^tw* ^f5 fawn i 
W 3*, ^5^ ^Jtfa *£*| (?it*W *t^3 I cto^* ^rt 

aft « ^t 6 ! I ^ $$ fensfctft* ifo « C*Wt* tol l 

TOrw* in 5c^ c* to* ^5^ ntfe, ^ti to ^j 4*fci *pif*w* 
*\fm f**tfc fwt*r nrn i 


W 

TOw**fflftrtro eft* »v*> # *° ipr *wfroi 
d*i n&to *• ^rtn iton *ff**t ^ eftto TO* 

TORT ntto I «•• nii*\ cncn forft (Aeroplane ) |f5cn fc*1 

* 

0« TORI f*t*1 (Htfe* l 

5tfj* nit* ***,«•• nftn, «rm *|Wi TO* w* w i *?ttfj* 

*N c*^ c* wn to*i *wK^ *H1ira .^n ^tew 5 entro nw. 
3* , ?tfj* TO* *tto«i stto srt^n .in TOI to* i *$j* 
*tfn (area) ^fo* 'ifmw 5^J* TO TOW* 

to >*••,•••$ *(fWi <tf**i *t<n *t* t . 




CWlfarw ( Photosphere ) 

ct cstrc *rcv# 

( Photosphere )^l <t? ^t*I *%l »Tf5tOT JICT 

^1 CTft^ sp?*! =TC?, ^ 'SJFPF&I ^*fC*T WS I C^Ttfe- 

sprcts c^ar c^% csrjTfo'fci i ^ ^ 

w c«rtf^<^ *grfra '©Prat* ctfrj fcttmi w f^ w i 

«rtotE*nr <?pr ^n ^cwp 



(i) (*) scat* *■*, («) 

4 $ fss *$F5 ^c4ra f^rfamwi srfaw i 

*iw4 «rftra «?fa^ c 5 ^ *ifirt^*fcd ©tfare «ttw, fl* 

c>i^*t (pfacsitrca «rej{w «tc*r w <w<$ ^n §fki 
«kwp *nte*r »r»tpf vm i &n cro w A- 

c^rfc^r ^TQi^f '©ifare <<tre i ^ ^sfprft cw ^srFraFf* ^ 





CTjtfrow i stffift* «nf^j TOt ^s t 

(RRcTO* ^RjNK®R WW CSJJtW®* ^ tfifl <®tTO ^tfR 
"rffrPm *tfari ^■nt CTitWfl ^ i 
cnliraww ( Sunspots ) 

TO TO TO TO1 TOrt tfft C*?fTO TO*1 ?R ; «wf*f 
c*TftT>t *Rl TO srl, t? TO ^Pfinrl <?rR^h«l (Helioscope) 

tori cffro ^ ^tor* ’tfeftfa, <2jfl%, 

TO *r i toti Tt^mfro A**!* (sunspots) to i c*rR- 
*FTO* TOTOfS ^ *TO1 CTTO j TO* ^R*i R *>tfR <7^ "*R 
3^5 TOU *1 S5R faft "TO »n TO !R 1 OTItfWWR C«rJlfa* 
TOTO 4TOf c^Jtf^: <?iWrc &F5 TOtf TO 

9 

CSrJtf^l TOll CTTO I TO TOR* 

*& TOll *1 TO TO’fl C*R**l* TOJ *S«I TO *1 TOll 

toti *ttfcn *rtf% i 

( Chromosphere ) 'Q (^Tfa f*RT| (Prominences) 

csfTtf^pst*ra fc*ic* ntro »n»i mi to* %i fri i 
* 5ft* «rcft>5 *fa*l *^5R< TO**tfa *lt«*l1 C*tTO SRTO* TOl 
i ^TOTO* ^.sttt’T* »pnr dRD’H fwi cTOc*! ^ ^ c*r 
TO TO;* rnf^TO I 58T W *r^<TO Fffe*1 CWI, W 

sarwra FfRRre ^faf-wR ys ?tsr< ft<n offTO 9 t1'Q*t 

to i ^fro enthral *ri i 

<?^«P5t( Corona) 

^ «j4jjtpi* *** to ^^5 f» tor* ^toTO p \ 

^r *nff*R fri *tf?*R *i* to Ftf*fTO errors wr, to 





¥ 

oifffel CTJt% fwK cwte ♦tt'Q^It 

i (Ttessi i « 3 ffal Wire fctr <r f%% 

wftfl <rtre, sst^t* tor ^ ft* 'o«i ^twi pfhwil cWf 





<? 



f¥s ^sp* «*H^ vt*t* <?tMt «ft*r$tre cflw «c?n *rcs i *w *n 

% 

ct^sfsi ra bsrf^ ^h fc»t*r *rft i T 5 rWctr? <r* «tori 
jfpr srnar *rtwr <wtf%c® %itf^ ^i cfaft c*tq 
tw c^ *twi c*vhwvtv i 

3rira «iwa tor 


^ ^[ a 4^5 *RR (R C^'W *tnH 

*rari m *rfo c*u vrto qtfaas *itCT =n i ^ ct 

WW f^lW C*l »W ^t*t C*Wft *tm ? ^C*f TO* 5W1 ^C5R I 
*ff'9* W3 fspRT sfffrM*! «*l»tW apifT® 



4* 


m&ln 



*1* TOti T%fc<! 5toR TOl <R TO 

*mrei to TOt$ <?i tow to i %re TOai orei ffiro 

4* WCT *?CTOTO ^ *•• ^ *R^ *S» TOtoS CT *|fiwi 
TO •tt’fflU ’TO, TOt^ *WTO ^ WIGR ^R ’ TOTO TO 

ft^tore qro i 

Petra'S ^fsifR s^5 «rt% TO&f TO I TOtore atR to 

=TOre to^r TO i ■TOj TO *$f^R r^s ffa to, TOl 

?^OT»flTOTOTO *8 TOft ffa 5fl ^8X^ = 08V TOft f?R 
*? I 



’sTO *ic*$ m TOt^re ^ to*i to i TOto*r TO ami 

•v^*rtft SiTO TOR ST® cTOtoS I TOR C^Jtf^'6 CTO ft*, a TOre 

to wTOt mi i Store tore to«i fare *roi TO, ’TOre 

•» 

tot TOR fc*re nfari atofro #n TOtore fafc to 
TOre TOrR «mtoi$* TO ^Rtos TO R1 i 

w* 

55 TOtore *[fWt *to T «tre *«b,b•»• srtor *refro r “stare 

to (orbit) c’trTOre m, fTOTO j <TOro tTO^ *TOs ware. qarc 

TO« TO, TO« ^ To I amfvl TO 63f TO CTDTOI ««|. 



>* 

^ ^ I 55« «|f«I% TO « tSpff^M 

'Stt K8RI i£|*TO «t*f*W *ftos TOffa TO*, ifo 
srofro^ tajt* «toto *r*(< *tt¥ *t^ro to* i 

ssfwtw w « w$ 

5t5* ia*TO >r^TtfjwpM *f*ro «rt? >»• ffa, ft* *» fta 

>* vh? 1 ss « cpt: («tfa) to* TO* i 4*TO ’r^T *t* 

<rt^5'Q «rtrt *• ffa to8 to*, ct^to 55c*ttr* c*sri (■stfjtwt* c«t* 
.to ) tokto cro** to cro s* 31 i crofts cron «ro 

«il*iiw« <* 3 TO* i« fro ^iw, *ro *tfi« >« fro c*t* 

S* I >P^< TOfVl « 'srft&TO TO* 4* TOTO TO* f5**t*^ 5^* 

»n*t <$ cwfroi ^rfestf; *m c*t*t# *to« ^fir top =n i 

BtSijfafa 

sc5* f*c** TO*1 frot* *ftoi *rt^, 5c*ra TO*i <$tTO ^ <ftfa*i 

TOttro firfroi 'TOro* <*1**1 55 c*fros *t^, <**j to* *\\$ 

*1 I 55*fC&* TO«T <*** TO* ^TCTO^f TO* fat 

<*tro** c5tc^t *ro *1 i c*fa TO*tft 5 ^ ^ck to*i totcto C5ti:* top 

STO*tfa 55C*tTO* WT TOSl C*fa C#ICns *tt I «4|^M <TO** 

% 

55 *fcl TO * t%f** fc**1% I C* fa 55, 5*J 'S TO*tCT 

^stfc*. c*fa sstTO 'srt^rrfro «$ '®rtsrrcw5 3 * sfl *f**1 

c*fare to*i <rot**ri f^f^r *f*i*i «rrf% i 

^■ftT* <1? fa 'srtc^rtfro sar^fa <*fs TOrfa «k*t stc® 
Of^fl'TO. (7! f^R 1%f«f; ^rftTTtfTO ^5 5TW5 ^fl 4 
ffara fet^f «trt c«ftfi to ri 1 ^tro to ffa ft^hn, <ti fro ^rfc9itf%^5 

55*jrk ^TO« dl^l c^ft 5?-f ^tTOTO C51W TO ?; 5C3RJ 'TO^TOFtCT 



^ *ic? i % u fa <f%j f$lw t 

5^f..ftffas WlCTtft« SS^ftfo WHWrtt ’tifa 1 * 

*1t¥»W *CT *CT ^wcw CBIWW Ttte site* I «W* *rt i« 
fa 'arfPttfas jt$ 4 ra-c^tr^rNi «rt**i *rt$ i <?$ fare 



o 

(>) $ra, fctf* &*ict Stora vr 

w («) ^ 


^m *{fai fair *f*rai «ttft i ^ fw w « *rfawtw ^fafl 
*rtfal fe’ffas i <4 am: 'srftsrffas rara sitn, 



n . ft 

i vfa\ ^ .*w **‘-aro, CT-nc*p k^* *»it* 

ift art*tw w *pf toh .nfhitWw wars ,.c$t*W»i 

''fltTfl <ffwi 5f*rai *tw i • ■ . 

. art*tt *rafw;t f^c® ?ri ft 5 ! ^f5c® «tft* i 4^rc*t 3ps;«t: ^sri fff 
f^T® it fWCSt 53 oqc^tnt «!Pf® ^srt^t ^ I 

<*$ i«f5 ffat* *W ^C 5 ! I ¥*H-ftPH( ^Sf »CT Kara C^Wfa'S 
*fifl ^tP! I 

Kstws atfitwa ^tc9f *ic«r acwr c®tw?[ Km 
TOtca ^rft 5 ? Ttfar *1^® f^rl ate* i <5rprfcra atwl %itw *• aw 

^ ffa «ral ^9} 'Stfl If^W « a^H** to ^ i «jptw KWT caftan 
W! fft *rfon it ffera fta foftos »r*(< «• to csw w i 
to *wtawra *ra etfaffa nan carrot* h =* to* «tt? 

8 b- ^fira! «rtre i airoac* ^t*ra Kara *tffc 
TO*tH raww etfefot «r a^PB b*> faftS *$r® ^tcs ?n 
toi i ft* < 4 ^sc*t aR»t: m **ii ftn *rfon i« ftara f«r=i «rtfta 
mt^an feft bitPrai Wro ^ i m?*n iti*ra »ct 

c«itoito *rtfare an* i ’jfifat* *raffa 7<Jtroi *ra 

% 

* to Tfa fan Kartw **ito ?s, ^ 4^K*t arf^fira % to 
*m aw kiw ^«nra Kara catroiro % to *fwi atfofta 
an* i 



8 


TOra toiTO «rtTO ^Tm <r swapwrtl vft- 

CTO H fcflfTOR TOJ TO«f»fc 'Wl faffa CT 

■strorefo *tc« »wc¥fft ^f«ffh( to i TO^fts '©f^i 

cm wi to *i i rei fro ta j#wnr ^ 

^ ^ ^ to to nf^c^ t ^ft% w to^i- 

*tft *ito TOTOR toto% tojR 4^1 qtirti 
TO i Itotoh ^*rr toifr <ffinJl^si ^ ^9tf^? ssri 
«n$pw i 


sjfWt f¥ •Rlt'jS ( absolute vacuum ) ? 

^ wi toto^I toto ^ftro |N cwfc^si $$m 

TOJ C*R TO ^| v£j?F ftftfe TO |fet^ } TOftitlft 

4^TO s^tTO 3 T^< CTOCT* TOt fffofl C^ fe s g C^ I 

toto ifai croton m toto* fart ^ 

^jr 'TO r <r *wf5n ^*r ctR *tfa[ nzifl ^tfarl *1^ 
^\ mm to m #rai cro m i 4^rti «rofa ^ 

$$Wi ^f, ^R ^IC^T ^twf& TOt’W ^fStxiC^ I ^ ; Sft?rR'®f®R 5JC9J 



•strejfjS tor 9*t*w qfa* ^ *ffan |tecs^ | <m 

M *$TO ’FTO^fcTO 9 ! ^(W, #^C¥ 

ffe« *tcf« oto vtcTO~*pffa- tot *rtFni‘ *r?Rp #$ 
ct%vt i • r 


-s 

f.. ^ ►; v a » 


* ' • •; »' 


ri -•* 1 


ia> 



[ }8 fa 

^ srmr faaf& orfatfa wa* cwtto *w 
^Hlftanr ’tutors *ifc* cwhw* ?«n fa ^f5 





5W3TCf Jffas CW1 *lfat<. Salt'S sitfa «n^t 

^rt*mr i 

spisraa ftfiFra « 

v fa* carJtfa^fa’f* fWl CT own *j**nts* 

'fffa ^ fa^PT® CTlfc Srtfa I 

47ft fan* s&* *tm wr wfa? faifa® *^ri &\. *m\m 



Qifmvm vn 


as*a nRw aw* Rtfaai - i tow a*$ faro, ^Rta 

atTOTO wi i tow ^tfja fwfoa *fc® ntPn, ®®$ 
' $Sta ®k TOfat ®S FC^a TOfal J 13 E 3 * S?a 

caa>a frff’nn $d, cataff fctftai $faai ^dc® atf%a i sosa 

atTOfata at?® TOW TO SfFS atTOfcfa ^Rt^ 5 CT ai I 

^j« TOsca^a ajaafa a^ atfaa, cat %lfc a^a ^3 
atarMcaa arwret-e ®® at%® wrrt^m 1 ^ tfss i>tati>tffo *m 
jfau 5 Tgfavs 'aaittca <fco aca fiffaai *1% 1 ®Rta *ta 
TOa a*p®f 5 fa* *rca ff 5 c® aaa «jaata atfj stre ^a afaai 
attre atfaa, *aa atfj*|cfra % TOafTO* arosca fcrfaai atal 
sf*R 5 taps ^ra ^tcaa ^aata fwfeasf ^rtja fra Rfw ssata, 
to a*faai atai attcs nrfaa ai 1 4 caa f*t®ta tor tow at®ta 
TO*1 *fw 1 aca ^caia ^a^artaa at®ta fwdt arfaai $tro 
TOata afe atfaai caai ^ ^c*a Rfafro RfaaR 
TOiaR a^tasfaa atai TOcaa ^ftat <asi®a i 

^tfi> 5 WC 33 (?Tf ^ 

tow a*caja atarfttoi wa aaaa *$ca*t a>f*rc® ^far® *t^t®a 
a® ^55 *%® atf^ta 1 ^ a#s atfaa atoa a® Rfa "tts ait* ^5 

TO 1 ^ *t<fo®a ^51 w a 5 ? ait* §s&1 batata aaa apt® 

% 

*t^®t*ta ^aa fifta fsfwi af®al a^tafta $f*c® atfaa, ®aa v$t 
^aaa a^c®a ^ca-afaal-a®i aww ttta s fa*fc* 

^ja ^a i>tca aR*t: to ^ a#®a F5ta afaa® ^ta 1 <*$ f^a 

to a^as« ^i*a cantata afwi, ^ a5 W ^^ataa—^aa 



Si' 

itm I I ^ I -Sbs ■ S ^ ^ - ... - » - « « A: . .- 

WmSfl *c® Vf *fRW I $f|3 5PM3FJ ^WTW ’WW* 

c*P5 wt i ’sfrawfaw $wf*ra *rw* *ffor ^ wt* 

»ra&s ^rt 

wtw *W5 |fcw *far ?rtftn for 

fN Tjcfa % ’jkwr *rfa *tdftr to cTO *rtffa 
sd i w. f^pttnRT ^ ^ 

srctfr ttta fasi stfirai *tf^ 5 i tew * 

srforMcW Wf ®ltfaa[ i 

srNrftlcw wn (Sfiifte ^®it*fo f 5 f'S®f«T apri: Ftftte 

ercfa*! *firct* ^ *m *firci *k*\ i 



(>) ^ {*) ^ («) *[fW[ (b) to («) 

(<») (*0 *rft (►) fetffo (») (i«) ^ 

vflfcscn cfl* ^ ’tfa^r w 4* tftv^toi ;mara 

«tet£W WI CTfawra ( solar system ) m *tffa I 





* 

totto^i toj frock wufci ^ 

( Mercury ) I « ^ Ufa TO frock *tffal effifo 8 ! TO, Hi <TO 

m; Hra *tfro*t sro ^fro i ^ ufa <ro ^tas ^tcw &tnr 
ct Htro www to* jpft^ ^cfa *tf% jrocH ctfm w\ to, 

^ ^tcs Htro c«tftc^ •ftwn to 5(11 pfM *1 *rtfro fH 

i • 

c*ft^f»nr to *ifo3 ^wcn *i ^H«row |H yeti 
cstw Hi •ifaro ntori ^tfron* to 
Hi <tf fill« TOtOT *TtHl TO*, cH 5 ^ C5tM 

31 *T 9 l^ *rfTO TO I 

Ufa Ffftfa* «fofri *ftTO TO Hi *W *rtTOro ^ 

frock to, to *1 *rtTOro frok *H» *if% ^ *fHl to \ 
row cron fa3 ta c#to toqsi TO, **j *foc* Ik* 
C*H*t **t^f* fro fa* TO TO i • 

to Hi 'TOttro frofo* h to* Hfc* uto 

Hs** «ttfro He* <rofH. *ro* to *f$re croi to i to 
fa* f*c3 faro to to *tf* *fHt Ht* <2JTO^ toi *tf%ra TO* i 
wtoi to Hfo* tot frofro sfitif* uk *%i Hi 
a TOKS to* $t*t$ «Rtfro s* i 



arat* f% 


'SCSR ( Venus ) ffa I ^pflf ms ^t« ^rflU 

fmrcfe mmu cututum ^mtucuu e ^rtrau fa ucut 

uijtu nfammrcn tmre cm mu i tmu« fctcuu ms fucufmu 

U^UtU Itu-^f% C5tW *TP5 I VC%U tffufe ^f^5 ^fac® ^tUtCUU 
tffuff ^tcu t^U UJUmtUU or® ®tU®UJ ucfc CU, ^cfttcn femu 'mutu 

cun utf®c® m mfuc® cum mu i 

uuu tm mtmcuu uufaw fuuH ^u, w tm *rtmtcu mfwe 

tmu mu uwtfn emeu nc® i ®tmu nu uuu urn ^rtmcuu fuufe 

*tc® m#rmi ^eu fnm nc®, ®uu tmu mum* *t®tu ftufcsu ^umu 

«ttu su t«, cut uut ^ert^tu cuutu i fuu^®u numu n^fattu 

cufuc® nteutu ^*tiu mfucu tmre ®msu $*s»u cuuttu; fM u^u 

uuut ^c%u forc&t cum mu ufuui ^e%u <®tu cujtfuu ^umu tmre 

*?fo cuttfu: ufuul cutu ^u i cutcuu « wfu ^urmt ut w 

* 

at? i muu ^uu tmcm u® cuutu cu futuu , mcuttm'9 cun 
cufuc® ’tt'sui utu i 

^rfaft 

scuu neut rjfaufa ( Earth ) utu i tm uu « W 3 F «rc<w« 

'^ItU'tCU U® I ^CUtUU ^t-mu-^5tu fumu-'mustcuu ^cmu folM 
^tc® CU UU5H3U ^ur ^tm%T, ®tmu uftu ^U> 'SaF « ^fu% um^mu 
^lu « ^J utcu tmcuu UUCUU cun UtW> I 'S 'SaF 

’Brturft* «rtu umu, cuu mu ^u uuu 'mt* «Wti ^lui 
CUfUT® Aten'S «f*f® >n{< fuf®U I 

^Icuu aimn ufuw mtu ^faufe® ^a« 'uurtu «ga ufuutcn 





item ?n i fti wsto fort* *rfros* frot* cro «ti nt«n *t* 
sfl i ^%ro* («r® *nrot«i5 *rf^ ftffon ^ *rotf **fi- 

*t* «qf%) *T$re C*^ ; CT^W ^TO JflSwft ^ CTO To »lfas 

**i *l*TO Cfffare *1*6*1 *t* I TO ^ ^flTO ^J^5 t?|CTl *IPF 
*ta «iw i ^ wi? *RtTO «tffa ^s §to f>w *Ff*TO3 i 
*3ft% «2ff% §f%iR* *rof5 41 41$ *t%*R sitos* TOTO1 

f*t*t* l fo%W TOVft-TO^B ( Carbon dioxide ) faTOTO TOt 
TO, 41* erctw*! TO TO *rf*WR I ^.Tft 171 ft<p fatffa | 

to, eftfis 4i ^ nt?r qtf**rt^: ^to* TOtc*j ^c** 

*tf&*t* *TO lfm\ fwic^i 93FTO ^ ^TOW* J&3 

to **, ^ to foto Rtt i TOt* *rtfa-srt*tM*; c*k 
m «sfto cro «rTO «rt%i ^fro* f**c* to& tor[ s* i 

sppt «Itfw 

^*f5 to* I’l top* *tfro <?ttTO, to s* c*w 

§*1*1 ^J «wfvi TO TOlftTO'S TO I C*fo* ^tftTOF 

*(rij* f**tfte fTO TO* ^Wf* *TtTO afflfc ^ ?ff*c® 

CT*1 *t* I 

WtoRI TOJ *fft% foptl? TO* To- ( Mars ) « 

( Jupiter ) | ^t*1 63FTO* ^»Rt* TOM ’TOll fTO« Wt* f*F* 
*rf*TO §^*T, TO*1 TOl* CSfTTfs* «rf§*f%®1* 'SC3P* ^*1 TOll 
WS (TO 179 =Tl I 

*t fl Fff*f5 tf* dflTS JTfar I "tfroF (Saturn) *rW*«| JITO* 

si 5 ® CWt*, foRt’tpP ( Uranus ) TOSS C5&1 iflTI CTO *1* *C$, 1ftl 

<R*r^ « g^ro orRro &71 "tfTO^t 5*fto*i mf*R 1 r 



( Mars ) 'sfC’ffl fj I ter *TW9 “ftef”-' 

WtCW »Ml '«jfte *T%1 P I ifcFti CTpffl WX 

P, fifffc TOtfCP ^jf%3FOT CP mf*&5 I te 

^ ^rfpra »irttwi <w ’jfter tot® 13*11 

te^ A *iftear fosj ror i ^tfa 'srfsffa pfc « wra 
ftw ter «*r i pre ^i ^ te® w, te$ ste % 

N 

fterfatcp wm, <7ite ter w * ^trftr ^ «ror i ^y*tto 
*rcp -after §fsrto ftestteft *|p#ir *r$ «rwar« 'Q^p awls 
*to - ' «rtto i sststt cwfto *itpi *mr i ^teP *ffl 

*rf* i ufa i ftew ^«rtre 

^ eftra *reto 'srpffi i 


dJWpBT 

f?f!wtjl«tfe 

p^fot p 5*t*f ^ te *?t*ra ^*t ^rfc^ «w c^aPt^s 

*fpi ^^5! ^fpi refai i *c»r, ten ^ te ste w «tts 

^cns *ftp i , »rtsf^F "’rttos cn 

»ra *F5 *te fP *raf^s *m csrtptto ^tcp •tftei 

qfpi to *rrnr i <& -after *1 ter ^ttter 

e* , tf^Rt c i 3r^tc*t «tfte wttets fcfl ^ cwil w 
cwil^hr *w «rffc ’rpr ^Jt*mr i . 



* «rfc?ri fern 

attrflPl CT W'2T® TO ^StU ^ amt 4 ! *tt*m m I w 

«tro 5 §r$ % 5 ^rl '®rt«c e m *r$ ’rtqfa ^tat® spfsrai- 

f^r, ^^sf% «mi *r® 'at*! * fMH 3^3 i 

f%^ c 5 ! «rti 5^5 c^tfi> ’wnr ^«n i ^ ■aj^'ofsi 

'st*!« 'srtwt^ wto ^fen ft:® s^rt *tfwtt5 i toi ^ 
ft®i® ^t*f ®l '®rfcsrt^ ^ i <ii«R stcs 

C^ ■srt*! 'Q '®TfC^t^ *!rt ^?t3l ft^t**! I <4^*! 'SRTft 

(7! ^ ^CH Tp$ '®Rf®'5, (TT^fS ^5 ^S>=1 I ^Tt^t^I 

?!U I 



•rfts^t *w< 
nfi«sj®:«w «rt^N 1 


WtWtrt 

s^t^ten? ^fs ^ %®*t c®' 5 rf^i ct bnirarcr 
C^tR ^SRtt 4 >fac® *ftft ifl I ^ ' s rf% >?lc^r ®tts[ TO ^ ^ 5 ®>’ 
isf% '^frti'9 i ^j « sstwfa'®®} i 

ft*Wr ^fs, 'ss^ s»t*t 'Q ’®rfc®rf^ 
®tf^F5 «itre i 3R*!: Orta'S ft^fcr^r <to *rs?r 

*(t G31 >m I uq^ S5t*f « '»!tCTt^-art^ sj'®^ ^fw C^t^ 

CT*!tw artel* ft^H *ot| *rg® i ^ftft 

^f*!%5 *'8C5f 'BRf® 5 ® I 


c&H cwh '5m ett^m *ifN ? 

*jf«Rt-^C»Fs! ^tf^C^'ST fTO* 4® ^hs^T C\ CT*ttC^ C^ft 

«2trt?f *rtf^ «nt*ra f^t*t *\m \ s&e ^?Rt^5 ^®r i 


*Pt?ls^t^ ( Fahrenheit) f^rfc^ ^ *IW'6 

ffcfat i ^ apffii ^tstrwsr jrt^rrr; ^TO'^i^pi '®rt^t^ 

mH Urtfl 








u 

i fas 4® tfiFse ^n^jci ctw?t w» cwfac® *rt«*i 

*Tfo I C^N ^ C*W ( Carbon-di-oxide ) ?fl 

ww crto «tm star sr3t i ^ »ffii 5tc? «fa^c®ra *tt»ra >r^4 
^r?i orfac® ntwri *rfo i 

•TjWhr to w afc^f fe^tcw fwt* swr* i 

•jfcwtt «rfa^ri fc*if t« i Rst^ra Rt^tt^r 

RtPlPT &Tft ftjJW fafa^ fas WWKS C^tH ^ 

w sfl -Sr *1*$*® fc*t* m%i TrRrcts ferra srfc i ^i 
erfa*pfa5 RtCTtPn mm R&t* stffal 5JW fo* fclfiim szm 
srs sftft®: ^rtctnifRfafa: 3 *® i ’bctpm ^t*t qm 
^firrfir c^fa “tfa Htt; *FC*r qrotc* qtfj ^f^i c^n»i 
<Sft^t*f ' s tfa ®F®t ^1® ^ I wt? *Sp6 *1%® RtTO 

4C4I iflf fq2H??[ ^TfC3I STSf 3 ! 5JC?3 R*14 S ('8C®I ^CMlWI C*HF>2ttE'®'?J 

«?h5 ^rtforl *m \ ^fB Rtqtf'OTi cq 

-Sr«f«tCv5 *q| TOra RfSfojC® qfT <*4l«§ TO I 4*Rt3i RWOTt 

•ffqtfhr ® «rtc*rt frotcrq s-^f » 

spw 5 fw« f% erfcis twM ’fS’f ? 

TO 9 ^ ^z^ qt%q qtfan surfaq toj i *ct ^fts 

Rtqsteqi ^fafl rctoi "Tl®*! ^cro -srtcqq fasten* nw ^wqtra 
«lfafq ^ i c*ta reft rertfaqR fasrft ct <Sr ate? srftqwtfa* to 
^faqft «ttfta frot*f ?^qte? iw ^stfaftq ^frofllq sflftwr 
stffa srtc^f iitwf ^t^T ffiRc® w i Ri srrtriwr 

fHifvc^ fw ’T" 5 ic^ ^ Rrstm ^ *t* =n, »w ^ 

5rrt?f ^ R^s -si? ^st?tR?f far RwqRi >r s5> f^ c^t^ c*rfa 

\ 

iGm i 

X ^ , 



<2fcS* 

fan w? srft i w ^ «rr#* 

( seasonal) ft*»PW ^ I TOUHC* q*R %5^H WR 

^5ts ^ w t^R ^Ttftoi ere w*re 'siTOfCJRr 'srtfcefa 

i *tjnrft[ aflret^ srctB 'siwrc ’tfSre c*ft1 *rtt t 

*m fcwttw to *tf»rai *t%ft *rtrv, w fct* qf^rntre 
srfafa’t *tf?r#* cw<n *rft i c^ c*s wr ct cwni ifiwpt *rfin^ 
w? stfarfa *im ^f%cw<r treten* to ^fBfl i *rfaH c^s 
«rr«rfN 'srrciRi wf «ip ^ 

-SW f® ctf«re *lt«il *Tft i TOrafc* attrt* frett f% s* 
^ re^? ’T’Mc^ ftorto <rffro« $ «S* ertm f^FM w 
srt^—*«ti centre c^tir *firai ^n ?t5 5fl i 


1 

frlatRS TO 

CT re UTO JJWtJtt re I 5tC^3 CTOS 

f^iPRi ^if%3R ^d> i if* s ji^cw «(rejc^ =niis 

*ft*i §*fa$ 'sites i fctwr TOtc* fontPi* si* j FtftfS 

fciatS i ^t?t?f ^t*1* ^sprNft atffc «c** $’f5 oi^fB few 

entire *rte*i *m i *jf, fld»i *flfa*pfl *3 afcfrfSnr c^t* 

fewfc *t$ i csrrffe^lfipnr ftrei rerot «** c^t* 

faftre* ^stwfa TOW to % sfcrt *t% TOtt 



^8 iW® 1% <2f^t'Q 

W fP ^1 *ITO Bffl ?^1 sltfTO | 

4K3 fWlfe 

srtTOltf* ftfr ^qtfl ^%i cw^i faro ^ wn* 

^fTO f^F Ftftf^ 4^15 f»(f^ri ?lf3 (danger 

zone) TO i ^ cTO fta ffitos cTO TOTO» 

ftww tofc ^tPlfl TO, W «i ^ ft'sft TO s5|ai TOrftt 4 ) 
^tw MiR* PwptRw toj W=wi *ra i TOtt w^ 

TOjfaTO frofs firffci ?^ri to i *ar ft'cft §te 
|fer® ^ Piww fcnwftai m ^t%i <rc? fa%i 

qtfe® TO 311 fWtf&J TOJ #Rt? TO! W fto to 

to 4 ! TO I 

CSrJtMfto fS to, c^tfs 3TO ^ ^fwi TO 

fte |fe ^j to «rc^f to 

3TO* «w ^ i *4 5t?to to\? in* ^ro? ^ 
rtre to to 3t$ i ^TOt« toto tot 

aim to *rtto ^ Wfoi* fe fea ?^n 

tori *ttto i tof to 5t?to ct TO#» afirsf^ra 
to frtafctoe OTt (toll TO ^ a 51? 'Q $W«ft 
TOTO 'TO toll <*ltto i 



4 


\r 




q^H«| %1 c*rfVc®T "rfs? sftS* ^WRI 4^1 frfa&J <1*1 i 

^f5 *0^1* Wtf»l ^ 

5ap %$\& <^%i i ^ "tfSw ** IWB *rtkw 

>*»>• Itef C^Ttf^fl ’trtftfas* ( Galileo ) TO l 



'Q fWt*l1 

^ arawtw ^ i ° 9 

< Thomas Wright) aim CT WO ** 1* ^ 

<4^ fas |fc |f5r® <2ftfa*l *ltTO 1 ^ : ^ 

*lf%11 ’fcfolfc* i 





^*1 

srwf^ fwi %r* *pi w "(foster faiwfiw tot 

ctft few ^itPnrt *i?t* arr® tojMci fe*i *rs w* 

ie* <©tf«nri *ffan fW&re (belt) *tfop5 

«*itfro i *tctfi? ^ratf? c^U <sn 4R»r ^tott afF® ^t^c*i ^c%<r 

^ fifffefl wtopr w i *rappt ^tuw afs® TOtoi 

*TC5rrat© «i? fifffefl festffanr few®f% wf%nd 

% 

'ItfrR 1 TO <« ^J fe®t$$ fifS^Q CTOt S^t^tPt ffi>05 ffetfS ^©W 

fe«OT >n%i «rt© <*wfcl ^fejri *fe«i f¥$ fe©ts fe©c7ra 

*ltfltW «tffa ^Ft*l «itfat© ill *tt'8?ft fe^ *F&TW ^ 

m j *%$r$ c^fo*r % wn c^tf5 *rc«r fa** 5 »nw *rfaft 

*jp^ ^piott fiwfe ^ »rfinri c^r^r i to ^f%^r *rte =wf& 

<5t* 6 v£F? «Pf 3f«n vflV 3T*t «JS ( Asteroids ) i 

iffofew«f*ra sot tow *rf*rai c^t*f t%i «$ 
cro sTcsfsjfs fe w*f*rs tot cTO ** awf’w *?fk© 

^foc© *rf2*?r fiwfiw tot arm ^fsm *ff^»t i afro* ®ifi^ 

^ *fsm; fe^l aura* at5® TOTt^t awi: %-ffe* 
?tsi n© *rc«i toj *tf^ ^ i fw’ff® ?^t© *nws *i»it^5 
•nfroi $*f fk%( &5 so, ctk ss ’rowfe ^^55 fe*rat« 9 tf?i e t« 
i ft* ^ cto fefsrfts fe*wcpi *, fe*i 

l< fktf &$\ c^tfS *k® nf^'f© ^ *rf^r c^tfS- 

^if^n ^jPi«i i 

fsprfa ^f?nrl ct<ii f?tTO ct ift fapp^si ^5^15 fa*w- 

^ T(%’^ <rtf%fl aiifPH ; f%l 55F f^lfe 

’tfM f^snf «rrfosi i on ^^5t^f&c?p pf fag< "Tf^at? 



*1% fwifal 


*tmt* ftwum «rf%srap ^ ^j 

^firet, *tft* "if®* f^ai ifl I 

(TTtWC*! ^ C*tt tfC** ft’ft’rfo* 51W 

cwt ^ti i §wfs fa’ft’tfb* 'sjfs 

t^fP® cWt *rft i vtaapw «Q^f 5 ^f*c® ^f*c® fatiwfiw 

*[W <2fFPf ®fafl *f%^ I W «f*»l J^f®* 4f5« SfttTfafal 

to »w c®tfi> w» «tPrti *t%i fa {^t*rrwi 

CTfan '^mrs i 

fn»»Ti*rfsT *rr*T 

*f% fa^fa sv ••qifo c^(*Jtai uiw 

*tfaii ^rrf^c^ni ^ttsTt^t ^^,»*o stt^st s«h ®w •ra >*,•• srt^r 

p 

®t*i ^ *iw* *im >%«°° ntfr fa^s swj ^rfsitfB i 
&**n®q ^|5^i i *t% *$& ®ife ^tsrft ft* 
fa^® f®®c<ra srfatfr i—srfatfe ^ i 

c:® aftw ^ ®faur® 4® *iiwr ttw uwfai ^Rf|?t 

mfwi site® $®t< ^^{5 fa««t»rto *1^® fa 5ii ? 

w trow ®fa® ^i «rtfac*i« Store ftfasi sn ft*i *re°> *r®®c e i 
^fa *tt^ i Store ®«mr st^fare ®® «rrc*rre ?m-^fa ^ i w 
<4 *rs?fa*fi *rtfa?re m, ®*r *rrei w* qfirai ’fafttfa i® ifkre fc®Fi 
®tpnrc® «pfl[ ^tfac® «rtfare i ®<r «r$te*if «tait«ra *rrfare:« i 
^re^re ^tcat ^tPit?r «ft^i ^fare 5 ^ssfatf'Q *rfE>!re i 

fa*wt»rfo fa®sf*re toj *iqjt®1c*rt ^c*i dfat^fa *rtfa?l ff faff 

^c*f *jfMY ^ ®tn *ft«m ^ §**t®fa srtftfl «rt%l <?rtm 

i c®rw» ifeftr ^ 9 l*w jtFu, 

f®® «Sr c®ws «’■to i 





at?ro *iw <?lt?R9t*R *wwt»ic** ^jf^3R wt *& 

tor to* w.$ *r c* $?tffcsR to Rtftro *rR ^15 

*t5R at? % i tor* fcsi ^?Mfa?r ftwfa* rmj «ic**r *f**i 
TO* *?ar *m «« *ifo*i ^ ^at?t* *tfo*i 1 
*w*i 'Q js’Mfo* w 4^1 wrof*** ’row *rt$TO w<H 

erotic** jfr wt^i tom faf* m f*** >n* It: *fRre >mtsr* ijfc 
^nro tor i iro «trt faii *vt* *f**i *s Rrortws cro aits* 
»ww ftFro *n i * 

**o ^ *»n TOrrft forr^ *tc* ^rot ftPiftst^ ^j$ 
<pr at?c* ^ *j**Ir* sw *tft*l ^f^ s i **f*re cro i f%f* 

PlftPl ftC*R cwfl* *1TOF*M t?R *R *Tt*R faf**l 

(Ceres) | fol TOR *tf?^ t?t* RtTOltf** CTO f*R *ltewl C*lfI’Rl I 
TOR TO* TOWR sfare artful I 

>*•* %: TOR ( Pallas ) srtR TO ^fB ^ar at* ^ TOtR 
ffBc^® cWI TO i sgpfl ( Juno ) srfcii ^nsR^I **l *tf^9[ >tr°8 *s i 
*rf«l 9 lf'Q ! S TOl*n Olbers ) ^rfR* *flfeNS *TO «at ^ SW 
aiS«PlW ^ STO« 3?"*tf^* TOfStfro *R*tR* StSJ 4*s$ f*CT 
ife ctPW *R ?* »flWta mr CTO »awfB ^ *J<R at? «tff*l 

Pun s^n *tfac* i totor *rf?^ Rto-totor cro fro wf«tre 

* 

9 tt'Q*1 St* I WR'stCS* $ <xi\ (Vesta) sflCS P^ffB 
'StfssR ^TO, TOR*R S?fR TOf CTO ^5* at? Jf *j**TR **1 

*|Rr *11 

»M« S: TOsft ( Astroea ) q*i *ffsw | ib-sn TO« 
fc*fB* ^sprarR fsfro I TOtti* TOTO-fa* (’sptBtatW,) atstf* 
fcsfa S'SUR ’SJtPRt* *Tt?tRJ ^ *W af?«% 5JJ5*. ^%l 



«• awto eftTO 

\ *rtw «tnt *ar ^ 

•* *rrc ^<jw <*t*ft«[ c*r«n f»nrtnc i 

m ^^f5<I *Tfa 81 rt srft?f, 5?N I 

tfn nt^rm, ^»8 sr^9f i sst^fa 'srt^ c*li, ?jft *88 
i 4 ^rt%« ^ar?®% qw ^sssrffa to ^tar ««• *w i 


c>fhi *ffRtnnr ^rerto *rrerei *rwnre fx * >r*r^ %tw« *r 
? sn 5c?i 3ij i ^mtw* ctch of«n ?to «rf% ^ *rftTO 4*ra 
C*Tfa TO *OR, TOtffaC* ^B i N|' 8 TO Hi TO* *tfiNftR 
a 4TO (71 TO* TO SOT sn I <7Tfa 9 tf%TO^ 5 TOflfa 

vq R^ftani TOttttfit f’f'Q *it«n m i «ro ^ta 

« «TWtra ; faffo ^tf ? t'8 i 

^rc^3> *?rtR ^tar *rtOTl« TO »fftra toj m TOI 
TO 5 i TOrt* *m ^ *tfro tot *rtf*nri *tfroi$ ^1 «?« 

ifl^F ftpR CTO^TO fifW3J TO TOl I 

4*TO TO TOsI ^1% TO I 

TOJ T5 rf^f'*t^ TOfS ( Hyperbola ) TO c^CSi 

fltPnn 4£TOtR stftsi *fo I TOfS ^1 vftfS ( Parabola) 

to m cTO f*r® <w tos§ qtaft i ^ c*itowi cTOfor 



•at qjre'j* w situ 'srrfn fc*tp *tw 

^ c?m ^Tfwi *Um i ^t ^rc^«% siwj 



cs^i^ireirf&t f^rfsi t*i ^t*R *twt w ^f*ro 
art* i« ^vra ft 5 ^ s* i >»>• ^riiCT 

•at c*ra cwi f*nrt% i 

•at 35^ ■st^s^Ri ¥ft itJ&f (Ellipse) ^ <^cg 

Ttf^rai ^tw foifas «fwfa«i ^nr i $$«% w efts rtWvftr, f%s 

^ i »at ^tws* «n wwi Mi tow «rfw i 
^ anPrt *firct* ^r we ^1? f3wit 




. fa 


■rtPrn to we •*& w cm 

*2$ jjfan m i 



fift ct «m orfait^i, $t*t* toto* srtsr <rw ?? i 

(>) *Ftt (Faye) ^ (*) s^-nfe* ** (o) c^nt? (Biela) 

(8) cartPiCW (Brosen) w (*) CW fk^t* (De Vico) ^ 

(e) c#ra h) w atew ^ (b-) 

(a) oq^if (Encke) ** 

9 

>«w «rrt ^t*f& ^re fcsl ew 

fW (3 ^^Rtir nfiPR $wj srtw i etrt 

°i«f5^ *p*p i aftt fc®ffa w *tffast e l 

*p» wnra* *q w »rtw i 

9 

aj^ro^efar^ *ifw *fro *itfr w* *rtj« *ptc »TO 











fcstfrtw vn ?s i ^tm »iwm «m faptfB i 

■if*ra *fl^sn stfi>, fe*«rtpra sftfB, w*tpra ni& 55^ ^ «i$re «nii 

*i%t«[ 1 csffo *ffiratora vfi^fB 1 

TO»IJ CT *tW ^WtiRl C*fhh 

w*i «wt tot, proft *n^wi? cm c*t«i 3 $t» 

^tpi m m =ri 1 c*? ’to -Wr «ie«ri 5wi 

c 7 jfa s }'®c 5 T ^* v tt% ^tfw iSic^ 'srt^^c*! $ts 1 9 tf^c e i 
c*fhrc«»ft ^n^ra *iw rnre 1 



m foftfcj, «prt? vs fc*tnrtPf ^if^$ ^st* 

( coma ) I |? WXVH "t ^5 cttU 1 



>Tt«n ( Nucleus ) 

«W* *faft CTtlVf ^ *rM«l t*U WlfB ( Nucleus ) 1 



«8 




’Srfra ^ c*ffaro «ite«i m i 

carfare w «rto^ swro^i i 

ytwy <wtffa ?N1 ctf<fre *tt’«ii *rtt1 

^5ta fc«f%gj, *i?5 i srts f*nsw 

rc*! *wffl cart^ i «rtftw 


!i • 




•tjogffe iwfw ^swi qtt*i *rnra w 
^nr *ifinri *tfws *tc*, w «Sf 

cwi *mi 1 <3tcfoi $*ra ^j « «s^5* awwtPi *wfl> *i#ri$ 
<xf*m *rtwfl *fa 1 

5^< hftfcj, fct* c^fo W5 1 9 ? ^5 wa 

^ c*r *imi ?^c^> ^rrc^t^F f^f^t'f #n ^nf& ^tfwi 

$ftfici i 4$ frftkr <pw^ir ot vws «nn *m =d < 








Stilt'S Tl 5^5 CTft 4R9T f*|WRf faflPtfo* JfWI 

stc^n «tf«nn gfirai *tfn arawa *if*«F5 ^n ^wn 

•fffewi TOT I ^ ^tCltf «IWNT«f»CT ^tfn 1 ® *rc*t I TO 

•fflffi ^J TO ^ tea* to 

TO ^5* fe*tf*ta ♦ft^llhf «2|?'9 TOta*W 
w® 5rrf*rai <ro i <3t«f*i «tf® to cw a%i <nrTO 

sttfsrcta w TO to* «rffc s^ii «if«ni $& i to^ ^n 
attfftar* $ at* i 

to to fc*f5®tatc* affifa*! afaro afire TO 

<ro ^icai>re *rt* ftftfr *wct 9 J$\ , &* *iw ftFfirai *rtf*tre cwi m 
5ii i <ro <TO atare ^a*t (TO vfl^ *tfifTO 

^ICa^* aW ^%re >2ffif*F*l afire *fct* cwt 1 

^ to ct ^ ^ ^rare$5 cat* <$a ataanat* 

ftra* f^Wfw to atm afiral *TO s^ri fcatftca* 4a 
f^Tt^I a Ire 'fflTO I 

catiwra tfast^ ; 4rea afc® TO*a to* ;tc,-—sto? 
TOta*c«i aa Ti fcsi 4atfla are nfare ^TO i 

aflatvn ^atfa'Q atatre afe ^pr, 4af3 as ^rea ^ cafare i 
4^aa ^at*'® TOtcaa tow to atm afrot, »nrtaa 
"»K afaata as *s?fe TO to* «if»rai artata TOts to sea i 
^ mu fcatfarea c%Jtfanrt^ amalPr ^sta *w ^rtretfa^s afasi 
^f*rai TOttaa ^ 'ata** aca i 

aaa aa* cTO? to ^wa *ff^l ^4 w i TO ^i 
^racsra to* ^»i« ^twfo aw 5H ^%l wt 9 ^ 





'arfate ^ i ’fsfatRnr 4^s*f to* fcffftw 

*jf^N srfsn ft$%w ^’ffhs ^ttf i 

fj^sj , «r*^j stpo ^ »*wf5?r *ito ftm? ft’im ^mt 

«ttr? i :>»•* %: «rcffc*r ^ ^ ^tnt^ ^ i ^i 

£lropt to ^'©Pi c*i ^tc»it^ ^f«nrtf5»T, to 

4JR 4P9 ^5 CT TO TtPW 4^5 ^ stftg 

®TtfTO *ttft»l 3fl I 


^nf^w van 

^wc«Ri ^f®$t ^ wt^i *tf**, *t*i f% 

c*?fare *tftro ? srfarfa^fftft »rte aflfci cto 

^wc*f vtsttV'Q fftv ftps *ftftpft cvfaftrucril 

3«; *rt*fj1^p^c*i ^ 'jftfft qiqrMi 

vftftfl n^tvtw c»i ff&re *nfiw i <?tcto »rt* ^ cro *rfai 
'srt^s *fro «rrt vi tovi ftim *tt% i 

^fijiwrei *rWi?*fa %$ 

MUrtew to* <?rc*a *fmt ^art*% ^fs *rft- 
v&* ^rtotftc’t? ^ to*i *fro i am: 
ftm^n Tm c^n fa* 1 mrftftm ^tvft 

0rffa$ *lt«rt 1 farttfN *sRfa ®r ^wfm *t* 

^Rt®D ^vaj ^fofl ^fa* I *fft^ ^Cx5 **R C*f^5t* wi 



’stfjtfaiw ?tsn ©a 

^'Qf% ^rta ^Tal apta *rl i ^1* 

ftw* «fl^W CSfltfc Kf sffcaa W *Tf%l fa W I 

$fwar ^c%a catata a< ^a w c^rtf^s nf%^® ^atcs i 
^tfra 'situate cata w?f ^*la *ff®ai frttat* ^fata ^1 cafara ^ 
ssaa ^aaa i at*fare estate ft* catftfra cm %faal 9 tt«ai at* ai i 
sst^ta a$a calami* fta cstca *fre ai i ataa careret f taai 
<jfafta ata^rsa ftet^ai aatatrea aaf^re fasaa afare ftro afac*& 
^farre atfa ca, « 3 faatre f *?aj a*aa capita data ataa fiatcaa ^ 
aft-ca* tat%< *ft*ww i ‘ 

«W 

^ a*aa fareata ^Tfta ft®ta fare a 5 * sa ai i are a*a 
aarea atta W^n fts; a^ca m atfaaa; retsta ^fl» *m c«ttei 
f tc^ 1 3RW's afacaa aa ctfa af®ret^ i a® cifasfa atfaaai 
t^faa aT*re ftfaal ^®tre faw *^*i faal f daa a^re *tre; 
c^iB c&atefa ^fare cfcfaai ^a nta stfafare fcfcl atai a'fare 

a^fare ffBre ftaf a^a i cwt^ cifaisfa f tfarefm ff *ca, atai 
dttai stfafare $®ttai af®*r i ataftjfa f¥s a® a® ci&afta *tfa- 
ataa c*ta nfaa#( ftfare <ttfa*r ai i 

aafatt re* afaal aaa ^rfja aftisfa ^aat^tca ftfaal ftatrea 

» 

atajiwr dm aca, ssaa ait* ^w artata *a> i atfwr ^rf- 
retrea am anw«f«i ftfaai m*aj atata a^ak *a i ata.a'srea afy 
^f%, ca*tai 'Q sftsia c^ai far far cu^- 

«ft ®tfafac^ 5®t§ai ac® i 

a^^ia at^i ^1 a*^a fafnai ^f%atc^ i c®taai «t»i 



3TO fa TOt® 


vSb* 

TO I fasfJRf ( Prism ) to c^Ft^ fall ’’jtfjftTO 

Stffal TO TP <1*1 *\U$ I TOtW TO«(S $TO Wf 

TOM TO I 

fafa* fcfCTO 0>&^ f*fa* *WRf TO | 3Tt^T *? <$*£** ^ 4** 

tp n* *mxTi i ^rfcsrfcro ^5 to toTO ^«r®f?r to 
ffa® ff&ro to?to* «piwt *t*rt* *rf<ta s*. wi TO to fTC 
®*f®fa *t<it* »npi fail ^1 TOt* «tst*ra *trc ; fa§ 

^■nww ’far ctj^TOj *^<1* *t<rfa c^RWar safari nrs 

*ffai tom *ffai cro f* i ^tfj* to TOit* to 
*tfa*iw *t<n *tfari fart fa«v f^n gftro |fiSro TOttR 

c&tt* *rtfai to cTO* i ^j* wf fa* »rt»i to ^ji- 

cto^p* %*< ^'scsi ftfan 5tf*ftre *t*t* toiw *r to 

f*flf ftw v cwi ot «iw ^rtif 'srtc^sR % to i^fan 

*Wf ^?T* ®TtST TO 4fNt¥ TO TOT i 

wi* *rou ^j *ri*i own ? 

f^53RtC9Rl frft* *fa®t*!* ff TO ffa, C<ftill «ltfa TO* 

<®rtfa f j to* *tfjtcro** ^tom* *tf*TOn 5 tfa*i fan to 

v$*< ^ftf TO TO TO TOtOTf C5tW TOf, (ffall TOt^l Wf* ^J 

fro< cw*t* i f toi *i TOn crof w fari otto 

*ft*pft ^ TO CWt* I C’ttjfa ^ ^?* I *tt**faf* 
«fw*r **JVtfc** *lf TOM **R ftfrfapw WRtlftc* fltfl TO 

sg*R TOFtM C* *WI* C*M1 OtfTO 9 ft'«¥l ftf TO*!* ^ I 

«BF« W 

^ ?rt«*l^ TO?'® 5 * TOt^n CTO^ TOIMf ^*tj6 fff 



TO1 

fa?l ?n> ^iPbi wpr %i ^ifn *rc? i to 

*StTO TO OSfTtfa ?1 *rc toi c?fare *it«rl TO; TOtttfir 
finrt cstw *ft 9 ri i aren: ?tfr ffSre fi&re to 

■awtt *$re to* i to ?** TOTOt? ?t* 4* yrni cwifW? 

c*rt»wic*f ?tfj *tito? ^ «rt**i tot i 

5® 

CTfare (tffare TO?1 Ft®? fa*t^ *Ttft?1 *|%tfa I *jfaft 3RT. 
^c? nfinrt f*rai ^n feftrecs i *ti, qf»r, TOd, <?rc « TO TO 
# « ?sre? to 'TOrftro Ft*i ?ft?l «}fa?'l? ^ TOtfcsi i 

«}fa?t? <J>TOt? TO Ft®? *Tt*t? *$?i ^ftretsi 

<5rtTO*f? ^fafta ?mwni re Ft®? c*ft ?t?fto ^t??*! ri ?t*t? 

fc*tt? toh» tf*f «Rffo ^troR ?t?1 ^wcw ^ TOt?t? *f?re *tt? 

Hi ; <71^3 t5 «t*T *f??1 Cfffare *ltS?1 TO I 

?<® *s ffrofat^? ^rt^tc^n F®t* strict? ^fcit?? its *rfo*i? ^icmt 

TO*1 cw?l to i 

3? stree orfa?i ?*n T5C5i c? Ft® wan nt$ i Ft® TO? 

fam ?i =ift wfare, ^ytfttTO fc*tt? ®tTO ^twi *tfan «ro ®w *fre i 

Rf% “tf^T^ ij:??W*l fa$1 C*?fat*TQ TO fa 5 ! CFtW TO ^ ?R1 C«fPW 

ft 

^?I ^fani 3? ^«?1 re? I Ft®? fa*N ^31 ? : T, ^ ?1 TO faf^ 

CFtW *tf^*T 5T| | 

vrefro cTORW TO «fsffl Rtfa?tff, ^t? »rf^8 <TO CW1 if?? 

c*R^ *Ttf® Htt i Ft®? TO. < jkre 4*fel cntiM^ to®t *re^? 

5f?F|fa 5Tt3T I ^^tre C^t^rt'Q ?sfa?^ ?1 C^tR 4tW? *lfflCT *lt«fl ?t? 

^11 Ft®? ^faTO to cntTOt? TO-c?t^ fas^fa cwfare 

*tt«?1 CTO i 4^ofa c^fare ^wttt«t fa*it»i ^R?tfU? sre i ^ 



8* 




offan to ^ c$ *iiaRflifirt ^opt i ^5 

^tOfoftffoRra *f#wr »«W*f ^9 CT ^tttCfflf OTC"ft C*t* *T]f 
Rpitt ^frt TOT W*$ Trtro *ltCT I *tPl n#$C2f% 
CSttt *1%^ iltflffl I tstftc’ft ^56 4f«f»i7 *ffir«p&^ 



«Tt5 #1 ^ 55C? OTPf 'SJWS*! tffttK 

^cfe :rft i ^wwr *|fmc« # « ^c??i 

*raft @w »w wra «(firfl wt?, fetfffonr to** i 

to *i *11*1 *T*t* to* i- *wfo 

^*ra *rfk*i c* stti »rto TO*f* *c* f*t*i *\v$, ^f*^l 

^ cwi *ts i sot jtc^ibs *i#s pfttnre fc«5*i ms 
















































— si 

'S&fc fatfsra «wr ^ i r$? wrftM 4*- 

3&M srtaj i *rc*t v*)^ttc^ <3 3 m 8 ^ &a& ?rwtro ntCT ct to fan 
*8 ^ nwfo® *itfiiCT i *t3c*fc sspjsfo 
f^wnr c*t3 stfa c*rfo m i 

^fftft * 5 CS^ ( Critical speed ) 

<=twot 3 ?rtftt3 srrai «rw ?^C9T ctctwi *rr$ 3#i 

c«»t ?ww i otic's 3Fs 3t^f toctw 

ftfati stc*i sst^tc* «rt3t3 «rat3c* ftfas cartel? *re fafrgl ^rtftra 
?S I RWT 3t3Tt3**l *tfa 'SfSJ 3fal1 ^WTOi PIPW C*F5 ^1 

*rftf CTPt awl ftfas <a rs* m\ *ifctfcn »www gfai 

CWf^C? I dft *CT OTIC'S »|fl5 3tt»! 'Q 5^ *iw CVS 5}t^ 

C3*tC* arffOTf R5T I 

3 f?W*t 3 wu fcntwft ^tsfl C 3 Pt I^tffS *f*tTO fN 

« 

csft fc*ttwtFnf qfflw-cvi ’ft^s 3t$*r sraj, *ct stwfa ifrtffB ^fere 

sitn 3tfc* *rtnr ^ i r$ 3 qtqjf**i *rfa ^h 

*wto 5$«jtk 3ttfhi 3wnr fcnufow* fc?i trf%^t 3tfac® *ttnr 
3t$, *c«t fc?f* c^u ^hjni*t arft *w feyfa ^»tt3 ^M^ftPRT 

sea frn >® <®mai 


5$ «ft 4fHtCT 4*3t3 et^ffa 6 ! ^C3, 43? *FR 3R3$ 

«rtt3l 43 ^ *tl< c*?fe *rtt i 3j3^t3 *c»i r^ 3 c3*<$ «w- 

3t3 3tfrs$l ^s, ^ 4^ ‘‘n qfaii extern *fcs «itc^ i ^tw 
*fcwW '*t*PTW ^“TC5 f%fist« fcci I 4^ ^ 

3twt*!3 «rf^5 «rtfe CR?PC8 CW$ C3*n 9Tt« 3^331 


L-. 
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f* 

r®* *rfaTMt«Br jotm f^rfori Pm «ttf*w i r®* 

a-rf ^ tfwi «tto hi, 4n5 <3 cm 9 ! *mrrc 

«wct sttrn IwM 'ttt* hi 1 

5 ®$ ^5 cn ^jtcsrfa erf^fins ^TWcra ^tPi, 
$ft* ^f??i 5®^rch %s, sstt^nr srfarl « ^rWR^ra ^*ffflH 

$tf^5 9 ftui faro 1 Ht*ri ^ttwttH ajfapfsra 

H%5 5®tC#l1t'*R ^9R1 ^%) CT«f1 fsfttCS &Fl «®“ 

stf® .srf^pfSps TtfjtwtE** srs 1 5®tc*rtc*s 

*rart® ^*imr «rw frotc®^ *rfR*mf* 1 

<s& *tc<*i ^f%1%s ^1 m 1 ^tcaiMi-to>f*tf 

<5?5 (Asbestos) v& fn*(s5 sst’RSTtoH 5 (non-conductor) | 

nfai w^jtf «cti «rwn «ot*i* «(finri ’^Wcn ^tf*r® 

^gl h*h wjfc «tfa w:m h^ *t*1 ^ 

'srftSRf "sil^lffW^ ( volcanic ash ) <1? <$1*t R®a 'SftH’t 

*rtnr Hi 1 

r®* ^Tiitci* *m 5 ®*$ ftfwr*®* ^5 

nfa\5 ^ 1 *rtetp& c*r«n fortes c^ ^ mw 5®^c^ ^t*t 

srtajl ^?p fHfHCTft he*^ i»8 f^sfat **** f^fat Htfsnil ?ra 1 

w fate* hwt ^t*Wart ^rtfsnn *1* f*i &S 9 ! ^tc* 

hi 1 ^f«rft srtfSc^ ®%i *&n a ^rst 9 ! h*** fa 5 ^ 

S5t*f*rfan ntfara ot *1 t sc®* c* WHtasi 

wn ^ 'sprsw’t srtfSW ntt» ^t^tu ^^5 Tta«i 

csj ®tnsft ^f^fw *tf?rott t i «Tt^5 ^toRi w% 



* 

fftnifart ’ffas i w\ *$$n ^tc^rtwM to rtfl 

c^ witii *cro ftftdhr mfai *rto i 

W 

'srfotoRi qtarffW rcara *ltrt WK *lc? i ^tftcfl 

•jfWhr to§, fti frofats to cror sW *tro 3f*m fcto cstat 

*W 5fl I 

* 

stsfa *rfro cwi i tatw kis toi i rar *|Ml* 

^NjMPI 4TO «fWWtCT *N1 a TO *lfaw JTft J 

^TOS to *ITO1 I fTOCT> *fatS SIS'® TOJt- 

3^C«I 4TO %l C3 fc?tTO 5®* TO *tfa *tto *ft% 5 ^ I 

35 f? i i^f5 ^ v£i?F3i *jf^lhi to 

(?f%5 i toi TOit*^ Fcanr to ^ toi; *rc*i $st3 c^fa 
=rft i to *}to *rfto offoro ntefl TO i *froi 
toict sot to t^tro topi* *to ’tfro^TO *ci> *11 *|fWl' 
sto tmn to to*® ▼tft‘?tft *ffon *tfto *to cwi to i 

TO*I TO ^5 CT, <S *IC* 3?t *tf*Pl CTO 

TO tol *[ffa *ftTO TOtflfa I TOTOTOTOTCTOtf to ^3 TOP! 

fforc* sorrow froftfl i 15 

fa&t* *%l CTO1 ^t3 <¥rt« SOT TO TOtffi OT ’tf^1 



^ to i ^ fmft ^tf%?n 

sto i rjf^rft to ^mn to to* cro c*rto, 4<rc ^i 
\5t*tt ^ <3*1 to cff<to£$ I 3R“t: to to f^to to ! ft ^ 
to TO ofto ’ittofs i TO: *rfo« to fei ^wwi 
3 ^ 5 ^ to? TOi^ ^fwi ^tc$ to to» *|tft*! i 

tn, 4*fro ffitor 3 totTO st^ro ^ fcto *fto i ton 

oto W.^ TO 

* TOPPPWW TOCT? 

*TOtfo J f^ 9 ff 9 f^ fiMTOkfo fat** 

5t*3|J qft TO P, ^T TO1 to ^Wlifcn I 
^JOTlW tm % TO, TO toftt ^TO CTO ^fto |$tff& 
I 'SIW 5tTOJ3 TO toft ^Wf ^ftoi 
5tot$ I 

?#ic® C5t^?t ^^rl 

to ** tok *wfii i ^ *twiro *fto 

C3S? ^ toc$ I ^ ^ TO^j qfc *tt«Itt C3fato* 

srftto ^ i TOfa *Rf ^ c^to ^to ^ TO3 to 

^fto fWK to ntw i 





8 <t 


estate «rf% TO TO« gfinti cro? *tfs«te street i ^t- 
s&n *?r?s wics mfros c$ero «rf«sts to street fc^it *t* 
^^ts '8r^?r® cw fsstas «rsts to«i i fs#f cscro %ts 

^fssl CWI f*1TO CS TOt* ^CWTO «rf^ stf tfa TO *tre c^t^r 

csiro "rfro sr® c^r apTO trot ftflltcws i 

c*fa%i 

^sfscss «rfo* fwft ctor csfa^cfo fscTOest c*m ^ ^n i 
cstaftro %l CSfSCS 9W »w Slt*I ^55 TOTO csSslTO cs*n (TO 
*tus i cstsftsi to i dtsftTO *rosgft *te fwi 

*tTO^ Sffwl SSS ri^tCTS *TCf S3 status TO *f»ISl % 
wi frocs«'scs stress #n scs i ^-TOr 

«rf%s ^tror to *iw toww to i 

>»>»«{; ^fTOS SSS ^tstf 4sf3 fTOt^T CStsfrTO TOTO-fffS 

5^*1 TO! TO I t*tW *}f<(ft ^CNS »*wfB fsstfe f^rflPwl^CTO S3 
cTOttre%r I v«t C3CTOS fsTO TOtCTO *ff5tsfc* 

vsstfJ far fkss sr$t ftflffl cs*%3 TO i ’®TOts s fcs ? tfscs croi m 

b(C*llStlS 'St®, 0 ®° Stt®T» <4S? fsSjTO SCSt S^l 1 ^ CSS ^1 ^§0HpCS 

8it,® ®° ^rt^«T fW ^tsl s>f^r i ^cais scs stfj ^ stasis 

TO foft csftro ’Tt'ssl cm Si I 

cstsf-rai srslss str® csts^e^ s3TOjf*i to 3 ^ ^3 csfsc3 
sit i csfarow sfasi wtfsTO i fssefe fan cssi sis cs 

«3tafa CStt^t TO 3 ^ TO «OT TOW'S TO l W»l csfa’jcfc aw ^sf5 
fssatlst *ptfcr i TOtess *ffsrst ^TOf ^sfSs tot |*t TOsi TOrl 
cto wtfrost toi sites si i 



W'Q f% 

aR*t: mm Rftsra ^fwR i 4<R wfeftw 

Stfilfto^ C*I%R fWt«ftl *F#R C*PR ^ft^5 

®rffn®i i ^ c^r *rca^ *tr srrftstft i ^i- 

^*tfifc«ra esc®? *^*1 *rfwi 

^finrr^ l ^ 'Sty ^ ^ftftcs tyT$araR ( spectroscope ) 

*rrstOT mftsR i 


v$rn& 

«W* ra ^ftutftsift ct ty^jww c&* ^fwi ^fticw* m- 
<jch m 'fft *ifa ; f*% ^ wn ^ts •rtftnnrt, 

sst s$ ‘ 5 trt T T tys*ts mi cwftre *rft*rR 5fl i 

cw *rcs ^ «*twr ^nr, ss$ *f®i ty^ts m$ f%fI cwftcs *rft m, 

*ri*rai ^afc^r ^ftcs m^R. ^ 

m*ra mi f%gt cwfats ty i ^tyor 

ci ^ cwmi r ftc* ^sm g^cs tyftsTft, ss§ ssmari tyfere 
®ItftH i 

«jft?tes« srcg trails tytifrtw* *f* ^ft *ft^ri ty*» 

csctytyi ty •wssjfttrs ^tf^c9T9 c^R <rt®rft »rft i ^ts 

♦ 

*rfre ^firat apw ^ ty ^nRtR* tyqfto WiWm efwt 

^ cmm ftrc Rsm «rw i\i, fcty* 

tyT* « s mtSl tyff? ftp^ Rt* C*R *1%^ ®W ?9 ty I 
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^*rrm ^mtsrt 

cnhfnffl gmtan % *\ te f fefc 

*ftot arett fttfl afft *r»r gtwft fofa i ^ *m 
w ^5 vtecnr *R«iwr w fail Rivn c*ra '•micw srsrfft 
TlfWtef c*fai *farra i * 5 \*H *r *r»cwfr yt farto t w 
^•tfilpre Riwra evil i w &us *t*roian 

wwtfara ^tffai 5 f»w *«v <?fr-KTO ffai faster a c^tfl» 

. . — - .■■ ■■'—— — — - - - - - . .. •. ...-—% 

fefar i fc:! %*»i ^faft ^t\5 ars* ^st*f tori *rto m i 

*w c*ptcfc i«° e fafet c 3 #:^, fan c*mo> «*« fvfSr 
c^cstro, c*tfcfc *•*»• pitalt®, otW c*tri? >400° ffefat 

C*lfte«OT ; »W »W f^fsT S5t*l*Ttajtt qfaH 1W*f t£Hfc*l TO ? 




^rrsrn^nr fc*ifir* ^fa'Qc^ra bn («t*) arfo vf 5ft* §*t* 

arm *rt^» (^ nfts ®n r* c*ra) i ^rfwt^? c* 

»rtf% *fai *ro sr® |ri>, 5*t* Thttotara firaara bn *twc*ra 
afto ftm fy% ^gg c*m bn 

«rtoFfftgurttcnfaH i c^nt#§r«nifatN bin 
A mw ^rtfhn ^5*t* *mi; ^rt^i «N*ftw 

v’fam m & *!*% §*rftRre TOt^ft to wfai y ifaft 

cb&i to i oftiw cHfafffS wrtvi 'Q »CTt5Pra ^ toj 

*fft*i c^fr^ ^ffftew ^ * wft* r*ti ^d» i ctCT ft* Btc*t*5 

*TC *tf> «uv CT fwi f«OT ^CnsC^ 4Rt1 

*lt«fl f^TTOf I 


8b-* TOt* 4t*1« 

as® , ®tn 

WrW ?rtwr?r faffrr ^wonr «rt=ci to fcrosft 

*lt*T* 1W TO i <^Ft=l to ^ 3^1, S5t?fa 

TO *rtt% VI «Tfa*l to «w cro &pf arc* *tc*i fcv 

ISTCJ* ^JB^nr ^t>lfv ( valency ) ftffa ^TS *RRttjrf»l ^fv 
*Ttt I ^frpPTtPl ( spectroscope ) c*ihltOTt* *lfl*l 

^ fro «rai ^ i «rtf*nd aNwft to ^ cq TOWjrf*r 
insf ^ ^ toi TOtotfe \ 

vfis wwft* *f!to *firai «rai *if^itn[ ct ^ to ^?r 
aft's «tc*i to af^pfir TOWjrfye wtfwm gfinii 
^pf?Rr®c^ i 

•RWtl? Wt 

C^BtTO «(f « ( «Jt 'i 6 * ) *lfanS, «tf% TOW? C^l8f 

W <W< fk ^ *$FTO C*fal afffa* ^Tt?t TO 
c^fan c^fwi ^#3 *\\ *m< fk ^k<mr *rp5t*rtf^ to i 
$TO TOfotfo 5fl TO, ftCSff 'STtofaro 

*W$ tM «ttW CT TO^ *TOf fc*t* |fihn *Mt^ 

*itm i whrttf* vifrora 'stc't ^faron 9 t?prt^f &m w *w< 
ffaft *Tfafe 4JR^ ftfifo *iw «, Wtonr ^1wfv»t ^ 
*r$tef*r ^r nttai vtf 'srtrora c^mi TOfflfa 

^ ^tft* stai *nw i to 
cto «ttre fksf% « *raf*tfc ^ >rl^«P[ i 

^«p[ afts sstw* tw !«*rt%! * * ’t'Shr to »*rc 

9 

^fa«t CTO TOirtPl CT» ^tP5 ^JC4«M 

TO I • 



^8 

w *ifwl»i i wx 
*««« tort «w ^ i <*wtfw sfem *tfoit e i ffort 
vfa ®rftm t 

f^H'5 G^tte ^v 5 !? *j£^ 

^t^tora srtspfw fete CTlfS *vw c^ 

Tffa ft*CT> ^Rt^tPt fen 5 ?ftw ft cwfe? wra w 

TO iffo *t*1 SSW «W ^ I *[ftff ^f< 

tfhrfvi ^ wrt to; fe w« te ^ —wm 

®rf%W c*wi ? 

W8 <*ttt ^tpw tefc % w w c*i 

Wl *IW ^ tefa few TOlfl iffcll 5fe%T i 
fens c^tfS wra ^fetfe ^wnr, c^itf^c^ ^ cro ^ 
fat*rc ssfaw ^ ^ i 4*fe otr cvto 

m 

*ro^i{i, «tm cw*ft wwcw fete CTtf5^»w^nrftprt 

TO ^K sfl i 

fe fcfepu ^tfra Btfafro* *Tl^ *ffa$| qflfcn 

fart^ i stfro ^tvtw ^swpt *i swww’hi teHtfe 
wft^si fate c*fa *tfirc&i to ^ Jfl *cfc, fe ^rfatn-^ 
wra 3feft c#ire c<ite fete c^tfs wni w 

RtfatOpl <3, 1 jC#f *WWt <3 CW%tCf» w *rto ^1 

fagC^ ftftte ntto sfl I 



fa 4pn« 


^Rostra c^tfB c^tlB ^vra «tfan sfara Ffarc^s rtcr-sc** 
vra *fflHttfiw ^tcw <n*kt »wj jfcre qtwi 

•PRNOTifl Rt^tfiRJ 8 TOSS WItfa?f« facw *lffofa »WI I 

ia-w *{rtl c*f*rt^s, fc*i ^?N ^tcsRi carter *ifinri 

SR cpfosCS I 4<R sfWCt 5W3afsra SIW qjCT* ( Sirius ) ^ 

C^RfS ^9f cw<rtt m i R*t3 ware ^*rcrt Rfttep 

^fa fwfc ’TtStfaF '&*S»1T W*1 *H$HtC5 j 

$*nr ?f%« ’zrfnr ^3J i*wfa .mara 

w§m*\ 9lfo* fW *rtf firsts cwfatfipi i 

4 ? sura ^Prai ^rfs® ^ 

& «ttt & C^tlB *yfo I f^refc 

qtfaw c*tfax5 *rfa « am: ^RTWci^i 4 *&t wow ^sij 
^tfw® «r®t?r fw*NW sfai c^far^r i ^t* ^ar $\fk& 
.qstwn Rater sj^w«fa apit Rfa*to m *$si s?mr*te ^ 

fipittfll cro i Rtra ! ^ ct ^fSev® |ta <$cptt?j etts *rfc® 

rt fail n%f! 

^sr R^tos cRtw Rtt*!te to i 

^ rcr ftcsfs *ic^ ^ rstRI rMc 6 ! RRp=rtre «tfws 

,®tfac® RtPnn *tfw ritow facets i w. s?tRftn 

>nf?'<i cf^ Rt*t* *t%i *rofB ^ 
jjsb m\$t* Rffa*l I am: RtTO^ 5 ^Rcais *tffsw c?l> ^1 rg’tes 

r 

«r ®r frote Rto •nPR i 

53t ’rtfaa *n® *fim cw fe* qteJfrtM ^ 



-*m\ 


<t* 

«w ftnt^n csstWt $ 3'farfire «nppt fritnr mu «w 

*r*rtai *nft»i i «jfWhr ^33tt sc®* *ar, fyvt 3t»oi- 

**pri ; c3§srar 3fn«ra m* ^f*nri fcd «nft i ft* 

^rw** 3'«ara fttta, *c*r 3NTMc«fa 

«R5fae *ft «rwi i s ^rf^it^^: 6 ! m»w 3tsffa c*^ «ift 

3t3rt$ ^fSnii ^ft*tt*r ^isf ejtf^i i 

dfac*f wuft Tjrtj?i ft*Wr ^us BitfSm, c^ 

*ftc* *rtWRr <rfiw *ft»i i 3^05? stf'O'fafci apns 
•MfaRi i^si ^ 3?3 3t^®i ^ 55 , ^nt roan *tfa<rc*fa 

fcfSifr® ^cfi? §*ra *tftsi cwftre ®»tft®i i 

^rtra 3f<it^ 4 i ^ ^*Pr swrara *rc*w «m ftn f 
vs^ffa wft *flfet*tnr jFmi S&pi« ^di<i $*tc^ ®tftfl cwt^re- 
ft*r i *tet* *pf 3^uf5 ^ ^ a, fc^t* 

uttrPrtPfa ^c’i ^r* ^3 w qfari sifter *ttfim 311 
«ww ^1 ft*%l 3^cara to ffiNj i wr *ftos 
fcmm fc»nr 5m 31 *pr c*w 1 swara ftrtfa »rc*« 
*r**f& *t*R «&** stml ft* ftqi |^?ii jft*i ^ ^ 1 

<*tatnr |®tfS fifftfl *i*fo «tc^sr Ft*r ^%i cn^ ^ 
3 *ot «t53 «rt^rtci ^cwf6 j^i ft‘fwi nto t 

s^nfS ^1*R #CNS fto ^t^'S to* to ^CNS 

*tftw ^ f^nrl. 3 ^^ 

^^151 % j^*nrf»! ^J « 3^PC3i?l 5ltC3f <£& CXf 5531 I 
^PI *Bl 3 TO ^’f 5 ( Dumb-bell) 

fl^l CWt^ i 



spit* f% 


*t*nrc*i owl c3*j ^’F3rf5^ «ifaw (Trfwi ^rtm fa* 

sfl fall C3T3 ^3 4* ^fa[C33 ( Parabola ) *fW 3f* 3^3 | $<et3J3FC3 
'Q W33 ffftftfR *U3 3ft 3| 31 I 3F3*t: ~Q$ ^3t'$3iC* > t 

=w*ft m* id fait^si i 3t$3t3 *m 

c*r*t3 3« 3t3t® ^vt fa’fan ^i wtcn &pfari c«f«3i 
Sfal &l ^13 C*t3 ^3^5 3tf33 31 ! 'S 3*053 CTtfcffl* 

3WT 3^31 3$itCf3 v«& C^t^l ffiffall ]^3l Jft3l ^3t3 

*Jrtt 5^J3 ^5t3 fatft33 *rf*t3 3t3*l *f33 I ( 3^ iS-'i'S* ffi3 ) 

3t% w 5 ^ >a^ c*Ft«¥i ^cs =mt*a w 

3lNt£3 c3 <s?ft ^r »flfa3*1 ft3 3tf*3l 3»5tc* «rof*«i 

*f305t5» fl3 ^ f33t3 3#5t*t3 C*t?t3 f?\ I ^3J 

*J"^K*f fif'%l 3f®3l3 *T^ 3%$ ^ 3tf33t*T s»3$ fattsfB? C3 *H$3 
33Rft 35ft3 fal, ^1 9^^ *§3t3 \3 SrJT5t?«l *firaft5 l 

Tt?t3 33 3RiS f33t3*t3 fatt3ft <3133 « ^tfl3 3t«IJt**l 4T«tP| 

c*tfB c*tft 3^»mr *«i*ft fam ®tfan *rfan 3t* <rfe <tt^c® 
3&3t*t3 313*1 *f30s stffall *1OT ti&'Sfa 3t3Tt*1«1 <£t»1C3 

*N 

$3^5t*tC3 3£3J£* 4Wfal *f3!r® *f305 aro-l: 3'#3'ft3 «Jt3 5^t*t3 
3C3 ^rt* «wfal *f3C*K5 I 

^%t£33 C*TCt3 4*t*3 2^t\5 <5tf3tC33 *jf^3 ^ 

I C*W «tfarl 0*333131 *S5*18f3 3? $335 *fa®l ^1 ; 

C jj^ 3^9p ^^tftpRT ^ff^*i n:3 W 3tf*f 3tft CftB C^tB J^31 

3lf33l *ffall Wfa^ ^t3*§Rt*t< 3^331 3t3t33 3?f33l ^[fal I 4 $ 31^3 

^tPr ^t3^3f dfart -sr^efa^ c^ttB c^tiB 3^3 qfirai ^fac^s 3«3t3 
3^ f3^3 ^3^W3 33 flBfart 3^3tR fi|t3 E3Ffatt3 ^t^t^3tC^ l 



M 

c $tft vm ^ town wara tom 

^rtf^MT *it« *Rm cq-*ito ^*t *rfotwi torn ^ Wf wi *nto 

9 

^«r fcto otoiww af? tosmt% ^ «w wiwi 

TO sffas *nit^F TOl TO 9 !? ?n>, CTOlfal ^wct ^ for- 
totw* arfo tt*d,—c*ft *tto ^ ^tPitrai w 

tofui i 

mi stfr to JTt^*t^S N*>to *itw m i c^n ? 
nWhi qtqjtvfa 4$ *ifto wara to ^to *rfam tore 

<$to *Tfo1 ?fo 511 I 

^5% JlWfafal W fc'lWfarfo 

mft ^*ire to | to to to to tore fcfati tjratt *fWhi 
to retn into ^tro ^re i toto awre rem ^ ^ to *rito 
ot s to w«n ^tofto i ^Wf tore ^restftore *nftM m 
^to to tfrot st?tto ®to qtto i *rretro arto **•• 
*rito <retn fftots i ^reantorei tore m frtto to c*rt*i nre 
ifco vrowmi aim ^ retfs ^nto qyi ^wm ®to *rtto i *|Whi 
to to* *ifo*w *m m tod apnro *jfa% to trto *tto 
ntoc5 1 wi to aim totoh* *iw ^tom auto 

?ptoa[ i 



fa «t*t« 


C 8 

*fa*tw scar* **tfa^c* ^fartt 3tfa*l *tet* wtts *t*«i *|f^ta 
*t<nt**i i ^<tj tc*Tc*tc* <rai *\vs 
( Sir Isaac Newton) sfhp i vrsrIw <X $1*t# *MtCSRI 

rtc® 4^f5 sitfec^ tfac* ct fan «jfa?hr fare 

5|W &ni I 

wwri^pRrtfW^ar 

$$t* , ®rtfaf^ siftTM 4 ! f*fa *will fable's* «tfa **f& 
**c*, fc?fl ^crt *t$* m c**, *farto *i*r fa* 5 i>tfa 
i <nt *rMc«f* €fasi fa®* *c* *^* ^*rftft 5 rafr* ^*t* i **i- 
*c** csffa *wf5 *jf**f* ^*rh <$* fs c*, $*tfa*t* *r*"*tc** 
«ffa *1 *fft^l* «rfa , ®rr^^c c f?i er«i* CTtcrt <$* •tt'esi *t* =n; ^sifa* 

^?ffa** ^** faj*f*t* ^fafl* *rf*fa«t* «r*irt ** i 

’tWiR^ra fatto 3 a 

4*15 *^*tfa iface i$*f& to* *rr*3*i *c*. fafl* 
ft* s»x5«ftlR *rfac*t <swi to* *t*$*i *c* i *tc$* v& *(tfSc* 
TO w c*tc* ^faftc* *t*$i *c*, *|Wl ft* ** c*tcrt 

*?|f5c* *t*^«l *C* I *C5J* ^»Rt* ^fafl ^ fajf!*}* C* **lft TOTtft 
"tfare «jf*ttc* *t**l *C* C*tR *1*1 S* *1 ; ^s>fa* 

nfafc «fnt* *f**i *ar *^ii5 *m ^c* fetftm »ra i 



^f5 *^* srr*it**i fa®* *c* fc*tfa*t* ^nwt*»Rlhr §**, 
fc*itirtCT* «t*fa* $*t* ^ i m* ^ *51 *tfac® ^*jto* fetw, ft* 
crt$* -tfa fart 4* m <pn *i 4* vi c«Tt*i to* fetfoi *it* i 


*4, 

& sj*i w* sm fail Btc^ *sw > ^fB *$ sr*i 

Btw.i ^i«i Btw WB fagB ^Ric^s 

•tfc* :rt; fai ^ si 4 ! fctw ^fB *}f«rcfa c^arrf%^ arertTO 

C*Ft w i 

’Itsfl'f^^ 5f «f 

to* s^ <n^-fa ^fis ’fftp.n cwi *t* c* smtt^TO *tfe 
*T**tW* ff%* TO fC® 51*1 «tra I $^fB TO* WfW* *tfa© Wfat* 

srfajt* 1 * 4 ! *11^9 ?j**|C*s* ^5 ^*1 ®tft I ^ ’^TOlfl J& 

fa «t* «straw ’t*” 9 !*:** atfs srtojts*i ^**1^ f*tf* *fwi 
'OTR *ft^T| ffattl foetal 


^OT? <®t* 

vfl fTO^tCG TO fC*$ C^fa TO <lt?S 5H C*R fc*1 ITOTO tfrfs 

Mt* 5 fa? ?fa* i faBifor* fa^iTO ?*!lB* 

jrtfaro fam <afa ^fBro Bis? *ff^?i ^itffa* ; cw c?fa sfa ^ w 
«!Tf?CT fctffaW ?mct > Bft fTO wi 9 rfro I ^ fiflfWtWW «lfs 
^fBt? ^t^tiBti stwi ^?iB s^fae *itf* 3i1 

sjt^Tt^ 5 ^*! fa^nrotos* vfl^srt® TOttw i ^ TOit’rc *e*i^ ^ 
st*ta si^% ^**tf%* ra fr-it^H f*f« *rtTO sfwi 
’ratfafs «tfa *iwt*ifiki cto *i *tfw fafa® ?t? i TO?TO 
TOtt* « s"rfw£?hr c* w strot ^sfawnr atfs 

f*r«fB« Tfa ««ri%*w fart* sfwi *%i fare 9 ft?fj at* i stac*^ 

^ stret ^ bffsiJf c^int^i ^tBftr ^3T5i TO wfftro i 



1% <2TC 


K3RI ^331 fait* *firai *[fafl-ft«W «w 

•ften n$ i ftf to$ *|MN «ifa5 ^nf wwpbt fa*rR 

wfan ^j-fros* wfir ’Tt^l toi t ntfaro *ttn faro 

CT ^J tffatfa ^SRIK »**,••• <fW «tfif I fTO* «tf% 

^nwwi TO ^jfro to o» ^ frit«rft ntew i 

«nfcw fa*rm wtnra ®3r '»rM e f« <35*5 i to 

^ c^ qfa c*tta ^cfr fan p, to *$cn c*[ we& to 
faw cw situ to ^fare *rrfacn iw fan ffacn fcn ntfir 

c^i far qfarc m i n4tc*w c<rtf*nw* TOt*—TO*t win fan 

^jfaC^U ST&'Q TO*C«1 faw§ l ^l'S ®tft nfcn « fatn* fantn 

to «n*rfa 5i*n nfan nm n$« i 


iw fcnarc 

^ ^5-q ^twlcnr to nfirarcn c^k 

nnfaw TO Wl i *jc# nftnfa cq sra cnhwscn* «fa 
*rtjwnij& «tf*R *rm fcntnn 5^1^ 'nsjTO «rfa '^I’twtito 

TO*i to i wen nfaTO ^"nfa* fan cTO 

fa*s n^tn^s wfacn^ ^°nfa fttftn nfcai m*R *tfeqqi 
wfan n* i w $ fa« ntnro ntfa *w itfan ^"*ifa w^w ftnfas 

^ TO |f&CW TO I 

fq^faq «f« ipfo $W C*I~TO ( Plane ) ^fro ^wfa*l 
TO, C*TC $&tCW ^ TO fan n^TO «fffa»l wfatfa flW TO I nfaft 



alts? ^ 


(t°i 

'St^l sic? »HPWPlS ^ 

S^C« *lpK?—SS" p tfoW «wPm i fai crc #1 fcW fctw 

$** wfwi «wPH TOI I ^ ?Ttm? fllfarl C^s CTS ?OT? CT ^ 

S^St §W ?C? ; CSt<( ?fl S? 5 t ?t?tt ( Asteroid ) 

^t*r *rw ffSra s*f5re ^5 fasd> f«nri *tpi? fc?t? 

*tfw fc*wcs s^n *rtfac? i 



i I 5C53 W * I ** « I feffltPfll ** 

8 I fevHC?* ^WOf? ?* «I &*t1P|? fc*MtS 


*tft? cn «cjwgw* fc*w*8l? *tfw b arsi* i 
CWfafl ?W S9. ^ 5tS?CH? TO Tf? 

s^s tof® i fc*itai «ui *i%i fc?w Stilts *ffii«r$ 
sfcii «rtfacs i 


cp <sm nfam 

*ifwM wnr cw aw to i 
^mfWh»i 'Q wtsn aw«far ^t^jt^c«f?r Rto *fNr fc?t* 
fa *c?rc; fa wt^s^Kas cwi <?ffi ^ fait*?ral to ft*- 
^ w ^ to *1 i $t*tcw tow w, ^tn c*w am 

3[NJt**l (3t< w ^ dfaW *rofc *t?M i 

enpr 

stft w into c^ftwra c». ft- awro (J. c. 

j ,„ «-*. *.—— - — * ■ ■ — ^ 

Adams ) m* tsrWr, WTO *fltftPW tt. C*. C*It®fa (U. J. 

» . .•■ > .» ■ — • - # m — - „— 

J. Leverrier) ggj MfoRtPW dfoft *W-ftgrfa CWf- 

am wrfaw W’fiwi TO. c*jhw am wfa *fHnrt 
wtwt*. *w, to Isrtft *tfa *farc i cwtt 4* ftc*w fa 
wsrffl awffoi wtwtcn *ft*1 *wt« *ftal *lfa *<fl 
#r i wfara fm c»ft ftfa fa wt*tc*w > ftfa c^tc^i pffa 
fan W ^fawtaf -ShW 5$ tfftre TOW <?M I ^ 5Wft 
*$ltW c^’lp TO *Tfa I 

itjfr 

cpigflra qftsts faTO* <f^i *m ^ pti to* ft* 

t 

fal TOffl C^t^T m i f*fffa ^ wfa *nfl *I*W Wttft *lftTORrt 

4* wwfti am qfirai «fai %w *fe ^ftfl m i 



c*tt <l& 

(Parcival Lowell) 

^%1 ^f^ral toil C^ti[ to cmtq St5C* CT%v6 

‘‘tt'Q^i mto i 

c*rrc^ nra *fsw ^*ra ««» *nc*nr 

w§ *ic*i $t*t* ^i *tc*ra torf$ usrafct aim fc«wi c^m i ^ 

C*ft 5J?^J ilft ^ 3^1 I 

Wwa to ^inr, mt* 8 • tw ?;nr «rrfto ^1 

wt mar toi «wto torets i mi 

^C*! mtflfil m* ^ «Sfc?fl WORT v^J I t?1 to 
^i[pt 'mfcs cn, $ arc? *pi « to «toc*i ©to *fto ^i f^nri 

i „ 

toTfttoa ^*fPR CT *IR1 TO, ^5 ^m, mt* wfci «w«i 

*tt«n c’W cii^ « flj^nr &w ^ttoior i miPiPra m 

«pit*i ct, ^ to to*n^ ^i *t«$ fc*tto«f*iCT |to cwi 

to i mto ^ *s$ to ^ntotto ®fm *tf5*irar to 

» 

Wl K@I I 


*& 

C^Tlto* ’sit^^T® 

cw to totots «intflR' ^j, to^ mra fto 

i to *i fro ^c*r *ttoto: msi ^t^csRi ^ to to*r> 
to to m?i» to m?r i ^tctoi toto to 

m to rnfa i 'stftcWfl <T5 cm. cwft to to 


'bo gift* f* <2^3 

fwgpM i feMfcM wmfw ^fS», i$, mw mi 


qflffl SMM MtMl ^ I 

f¥i MfftTTfM 5f? M^atfffa MJMMtW Mtftc® ^OT ^MiM f* *Tt*t 
M^C® f MtM Ml I Mt^-MtMWC'Q Mtf^t ^fMMt ^TM fMM 
SttM so, 00 . >8 .o | ^3f ?$C\5 ’®TtM 4M* M’FMM MJMMtM ^ 

WfMMC'Q MW1 *I>FSM MTtMtM ^ *t®tM I MtMC'l 
MW'aitlMM MJMMtM Mtffa® &t*\ MRtfC'QM tfCMtWM I 

csrrrfafta w 

^tMMl MSt^tfc 5t%] ^JC? MWM '2ttM SiFtMtM MCM 4MMtM 'SPfftM 
^f% I vflt MCM MtCM ^C® iW,.",.*. Mt^M 

^tM ^tMMl fMMfa® »ttM Mt® ^ I §*\fib l MWMM 

<5^51 f^f fy®M MTMMtM I ^fMMt-M^M MfMM^M Ml Wl ^ 
MJMMtCMM 5t^f% *l&MtM C^tM M^tMMl Mt^ I CWItf®fN«l fM^fS 
MJMMtMCM* ( ^53,0 0 0,0 0 0 5(tt®! ) Mt*Wf^ MfMMl CMtMM'SCMM 

$$ ^MSf^tfWM fMM fM^M MCMM I W|Q»V to Mtfel ?N 
astronomical unit ^1 OWTtf®MtM a ^M>” MCMM I 

CWTtf®MfwtM i§af®M MCW MCW CMM1 CMM CM, MM 5 ^ ^C® 
C^tM M^CMM MTMMtM Mtf*tMtM MMM ^ MtMM'SS Mplfl MCM 

I ®MM ^®M MtMMtf^M C*ft®f *tf®*I | IjMC^M fM*(t*[®1 fMMt^T 

Mm#3 ■StCTltWM *M I 

( Light-years ) 

'sjtC'TfM 'MM* CMCMC'3 '2TtM ib-^,0 0 0 ?rf^5i ^d> I ^1 
M«sMCM 'WtCWfa >b-fc,o •• x OM X^X^.X^o Mt^M |>f5CM I ^ 
MFWMt® 1 !® fMMR^ ^ MtMMtfr MfMMl SffitC'QM fMM fMSi’M MMl I 




•TOTS 


?WP ( Light-year ) | ^ sjffftft ^yrtft ^ Jt^ 

gTtg*[ (Van MannenJ_jfl5*jmara ips( >rlai Hlfc 

i wr ??ww jpr mre ?*t'« ?§re 

^twtv «•,••• ?vra »rtw i »ot*t c^cat Inm fM 

?mHtor atntiR i 


TO 


TO 

»Rar ^ c*tf& swgm 3W ^pm *rte fonit ^ 5 - 

#mt? I s^Ftl^ f33t£ ^fatWt p\5Sj at? «#| ^Cn5 

fw--<*fhnw«nf *tfo #ra ??5ca, »r® *s*re *piuit 

3<5 Pr« c#ire •rt'fflri ?to 1 fc?t*i ^ ?nr *rtoi ct fc?tfirc*Rt 
at? fc*td?tf? ^tcs ftsfl fc*tt? srr$ 1 

f%$ w *ta »wfei fare «rai *fc? 1 stamen* c?fa &U *tc? 
43Ftffo 4 * *whrt ^ ?rw ’vfirai #31 *i»rrt 31, 4# 

W\ «ttfare C*WI 3t3 I dte-nf33t3^ at? ^nat?tf33 3^5 

3c*r ^ vtora »w ftf^it sfari 3 t^s *ttnt 31 , afoin firm 

#W 31 I 

aw*! swawftw *n:3 ?3 C33 ^ 3 $ ctw* »«wt*rt 

Pnrl 4# *51%1 #ratcf 1 dfopf friftwr *rfsrft*r3 

cnt?WW fspwfe^ C?fttC35 •tt'fflfl 3t3 I frtftOTlfS Wfc 
S5t33Ft3 it# ^ jrt^f « #ti> I 





nwyta cwfare *it«?i ^rnr i *«fepf 

\u ;war <a& *rac* «raf*H i ^ 

effo ^P\f^ cwfaai **, wMi ^c-i^ ^iW'Q ^rt^t 
^Tf^® ’Hffostf *1 I CSrJtfeft ^twl& C*FC3f V$*t5 JW3R 

*rafto[ s^rc^ \f?tc® ^c*r ^itft srrcrr^ “ff^s eroitsR. ^t?i 
aras «t<» i 

yy^tt ??im ^ ws i ^T*rtPRr ^nt rwcw fc^i- 

ffc*m <5t* yes ^m^T'i *f*rat^ ^ i ^fg ^ stftfS ?m (27 

Canis Majoris ) cwf%\s *fts?i *Tt? ; uq^ swif-S'jfoBr 'QBR 

>R8ffH qfsrai erft ^ i f¥s jfan ft*tfi«ta wear* »wj1 ^ 

<siSr I w»f'9 e l ®tf% 'sjf^ ^15, *sw> ^ TW1 «Tf% 

(Ttf^iC'5 *rt«n to i CTtfeiqfe sfw ;wwfir yis «tn 
'TOt^nr w ®tf? i 

(«0 ST51 

a’^arsferc 'stRf f^c*R ^1 nc® ai, f¥*s ^tffcTO «t«rt 
'®rw^ cw^tl TO i ejjR’v ^fatcro *i^tc*w fifsw? i 

CT ft«t 0 ^WlfB C'fftc'® nt«fi TO, &n fafSTOI* 

^®ito fitoi^ni i ^ faftwra tot <4$ sw 

are*fl> 7 \im ^pr «tw ftsit^n 'srt^ « ^ *tto t?l ^tTO« 

uwK yes ait i ftfarora *mmrti tot fcstc* ^rtto «wPpi 

(71$ Sr® ^^1 *JjTC*3 'TO§ ^fsiC'5 i tosto 

sjjK** ( Sirius ) JR5*fS ^ RC*W1 fRf ^Rl 4^5 Wtt 

an ; fcsl feet's ^ral fSi^ CT^ffB i 

^sj 3f?R| ^| csttf^R^ ( Procyom) srf^f 







jwwm cm i vtwn won 

toii* ftp to* amfc pi TO i 

>imTO: ^f& swp p^s toi *1 «tfar*t fcstftoni fife to*i 
^?R i TOre *ttft 5111 cto top pep *roft arts? cwfaro 

«rt=n 5d pfroi eiTO ffo *m to sn i 



^ Tfft *P TOTO ^ltf«9| fiffe <K TO!l TOU 

?t^W, ^ fRf TO 5^1*1 ^tWl «{f% ^ tftW 

(tf'tfe* } ftR ^ *P *tfTOI 4tf% tft 9 PTOf ^tWl 

*tt$c* i ^tc*rl *i ft*H cror* i£TO |1»f-|ftF# >lf^5 

TO P ^ I 

4*fl> CTtPtfp ( Candle power) 'stfCTO ^•RW Pt^cfcl 

c*rtTOtcp ^rrf*wi pep (?*,»••,<> •« sit$»o 

ftTO TOC*! C**TI TO « ) »«,.o. ) o.. ) .io ) ,.o ( .M ) oo* | «o» ) oo. 

ortptfe* ms RtOTi cm i 

*P* { Sirius ) ^cTO *f■ T5*W U‘1 |C<5 'TO I ^ ^C\s 'SOtTO 

1ft to RtPiw to pfc ftftfe to, *p* ^rfc^n pftre pi? 
p*kp« p* to i 

*pCP fife ^cTO pftp 13 c l I ft^K sggffi I 'TO 

*ft to TO up to, TOl to PTOP pffa %- 

TOCP Cm TO$fG Otf^r® ffifTO *tfinri, ^fat to *fft«t>5 to 



fe8 


S’Sfit'® t% <2t W 

Wft-t attt? <T?lt*[E&? fitter C3IS5 Wffct 

*rt^? i feftt f^rst»wrl ^ ^i \ 

aft ^nt ^ft 3j?*i fc?, ^i f$c*r ^rat^ck sw, ;tf[ f fw, *\%?wfay 
45R f% &«r®$ *itft?ni ^ cwfare off^cs ^fki m 
’ffars ftre ^ Wtw? tHjnw «f%i wt? «fTa«t i 
Wtff? ¥ftl swwfira Hfffj ^ x oo (Wol f 35 9 ) siftf 
atren i fcfi g?rc¥? aft ^sfk wit? srfai wn \ 

cvftl¥P[ ( S. Doradus ) .^^^5.1 ^ ¥1^1? 

A ■ I I I ■■» 1 * "* 1 lir 

swwfta wtwt? satevsl wiftm ^tre « i $$i 

ww? Itswi m i SSefe. jsstft 

Wit fcra ggft, _^ro_ 

f fft WW? ^f% Mft 6 ! ¥E3, ^tfl ffc»! 4¥ ftcata 

Wtoi? *(f^ «tft? ^tfste *rftl #N^r ^ W 9 ! <6 ff% c fts ffa i 
Wera ^?{6 (ftft^tf^ qf?w f arc. oststWra »if^ ^ *tfe- 

"tt^t ’Wftt 'sftftft (searchlight)^ ^¥ v »lf?3 

csftt^t ent^ft ^ftl ¥31 K¥ 1 

(*t) 

*ttft?i ¥cBt5tt¥ v cWft $tft?i ^fkt$ siicjft ca gjg re »rt?i 
y w fk t% cyri caa «w y *rfti ^t ^fiSai i w 5 

?<-ffatft f?5t? ¥f?ro f^rti awi m c*t wtiwii ^fttw sf? ^ta 

c^ft ?' ’T 9 !^ , WFst, $¥ c^tf=t ®rt*i a* *r*\z4 tortfN i fjtron 
fwl iRtwt? fft ^¥*1 ?<-f^rat^ i 

fftftW? C¥ft Wm f^f'Sfil 

W«ft?*t ftfeiR « ¥'55P'®1% JTft f^al ^iBn I 

srftl ^ fprat 4^i<1 I ^5¥®f»I ^-¥5 ¥^^®f«I ?1 





mm* q^q< i q^qtfq etfqs 'Q'sm &rt%i ^ent* 

jrtsnsw ff&n fas srouPnr etfa ^*tt^t 
s«qtq £«f§i frrorcn c«?qi oti i Htw cq wtfe? omi m 
was qpi *tq 'Q sv cqtqrtq, cq^qtf qTttqqts wtf^s 
cwtc^^ ^3 qpt 3 ptq wlqrfiww ^ cqtqrfq i ( Orion). 

qpwrtjw qtqj ^t^¥l (Alpha) j*tw srafe atscs cq*i 
c*wtq i ^f5 q?f*tc"tq qwtfS *r?]*w wara qcqj i $?tq 
v ’ft? qreH c^ ira ^cfet^tcq* cqqtq f=r*st» i ^ swi*^** 
Wie f^tfS am asses f^» cwqtq, fa* $$ftqq q< ffa 
qfaql sfqro $vni t^Rl flBfi i 

^jttqqtq wtfa* cqlq fa* “ttcn qq ^qi W^qtc^ i ^t5es 
cWI qicqq qfas ^fqq \prci ^faql ^msiq 

qt qfaql ftc* *rtfq i ^3t3 ^Ttcqe q* Stfare nffl qfq i 

*rat* fc»rtn ^Rl sw$q quw qfa® ^fafas ^tftq srftl qwRf 
faq cwfare *ft-eqi qtq i 

W) «n 

^FwPf qft**r fafaq qc<q ^qtq qstq*i fa ? q*faiq C9iW«! 
^t^t^qtq qqq *w qfaqi qtfacq cq c^qc'sq ssmart. qfaq q%5 
awn: q4 cqqi t mm fw *ik ^t^tq *ra ’ll? 

*!H_ s$T5tq qq ^fqarl, ^t^tq *iq eitq era q*f qtq«t ^nq i ^stc*l* 
qtatf^faq qfas ^tq qrfq^s <tfqq^ qtSre «ttre i 

^tqqfalq ?a1q ^t’WaH ft**M qfare ^1 q* cqftrai stW: 
flq* ^q i qtqt3 *nt«i ^t «1q ^tqqtarl, fare ^tq 

Mt? *itw ^qcq^i 4^5 ^■mt^i ^cq i ^I’tqtartq qtcq qc<q« 
qfqq#^ qt^ qf^ql q< cqfqql ^tqqtan fwtq qpql q^i ga’lq 



m suit's f% <2ppt'Q 

749 ssrntan mfan qs^stfro 

^?tc^ I 

fa 4$9ff &TtC9$ csrJtfcfft«l sweat* ssmari stiffs *rte?R i 
sw^ft* toj ^mtertwft <wrctB toi, reftfB *firai *<, 
CTtJrfU «3, C^fafB ^»9f 3K *rtTO refafB *1 C**^ C9TOI TOT 
•W«fi| J^tC’WI %5*T, TOT > 8. • • f%f^r Cate'S ( TOWW 

jo* ffcfat *rtc*r vt c*lri>); 95tTO *nr sfirai *rf* 5pw«fira TOt- 
TOfl ait* **•>. fsfst i TOrtew* ^cTO to swarafro 

whwi ««•• fit* c^cto 1 7|4^tc*Mvi wwfro croton 

• — , w ^ _ _ 

an* <\o , ooo f fefa *fc*i 5 t$fc (4$ sflirawi m *%i w? 59 *% 

fisfetre 4*t vi ^cB fcfsfTO ) i 

(«) 

*««• fvfat«»o,o.o fofsr qro^tB*tfrs c9 TOfron, 
«ilww TOrt^r* TOTO?te i ^Bi frit***! 5 ^to ^*i*t €13 wi* 

fafro TO*n 5 ^ro ntc* i iv fefa «a 4^ **f TOT 

C9 *|fiWtM W fwH *9, §51 *Hl* "tfvw *PfWfTO §TO 
TOtc*i ^o,.oo Best* 4^fB *rf§*t9 tow *flja? TOtm* *rtc9 i 
«t# *m *««° ffefat ^ 4? 5§os « *tf**tw ^t*r 

TO691 TO §5t9 TO1 4^iB C«rc»i fWf'S TO1 TO sn I »<fos*f 

s$3 4^ vf tfa f fa 55^ C9 *|filTO W fa#f 59, §TO *w VI 
<$t*f *»•»••• f§fet SsS 49 1 ^fa 3 <|fa 5^TO TO«*1 TO I <TO4^ 5jfw 
J^?|*t «w ^5$ 5PR» ^fafTO 5WC4* 9TO TOt fa^fa*! 

^f*C3 59, <8t5l 5$OT ^TO/e 5 * ^t 9 f-f9^9 c l-^f9 C“fC9t^9 f^R ^ 
fM 5«TI «H9t«R l 



4 fto m w stw mm i w *rto 

C?ft TOH WfiM tollCW1 *Tfo TR1 ^W to to 

wt* farm } croi *rm sman $ to to wicti 

*to to to C35rfto*li>fa fatm ?«(l «tCWR I 

^t*ii?w w$%m waft cvfto w», fti ^i ^ 
$mra **i c** fto 4 ! i wm, w ^j c*to i 
^5« tftW ^J? §3 W? '8*1 C5*f fto 4 ! ^C«I, dfajch 
p qm wt* wi fatofft to <tmi $f5$ i 

3 wpw ^m?i ** c#m *M to ^mtsri 

to 4 ! *ttf* I ^hW*! «ffll ^Ttflltt fate* to *jch «fft 

^ *ft to fafft sun* nto *Ffe *m\ m i emls to 
;mani 5j# «m fWhds to to «tfe vf to w *rfWi 
5ft to ’tratt to^i to cw*i—<«w w fan «m fai— ; sfai 

^ w i to c*fw 5rt^i «ito to fwi ^ *ife 
^ i ^ *rm s ^ ^^f 5 §*m mm to toi qm *it«tto 
q4 qtsttqj fapicm fafm erctfa® 5u i 
^ to wrafai ^mt* fto toi toto hfai $fas 

to ^ I 5Jl^ sOtPR wfa mfafo miTO* *jto TO I 

cm w ^u i TOwfai qw froi wic* *m*tjw-5im?fo 

fto 'qtqfora to c^tfe c^tfr f^ra to *!tm i 






hr w f3r ^ *w<(j H’F^fro ^ 

«ro ^n sot, fa* *iw *t*i ^ i cwt^t’M ^ 

i 

WJ wwfaw fan cat?lff5 : (i) rtstf HtHH ( White 

Dwarfs ), (*) aprai >rW3*l ( Main sequence stars ), (o) 
Nfe*tt ( Red Giants ) | 

*fp^ C^lJWl *TWt*|iI W* faf *|fa9T5 I CTO 

«ttre w n**t arcs c^i c^fwi Nfasft fte «fft^ Hre^wfa 

i 

i 4% ®i% ffa©fa w wm ^rh «ttu «nfto 
bct i arc* arcsfg *rrii ^cwfcrt ^rtotura pln«*n ^ i 
^j *tw cto arc* ^Rtn Nfa *\\ src©fa 

NfaTO fftrecs i 

RtRicw *r® *iwtt? w cto* Nfafl *ti>tfcn 

®i% fte©fa ffftii *i*rftra *n« hi; to *RRt%«f®ra «ffoi c**tH$ 
•ifM* hi i fa* ^hj* %k?c*t* «ifs ^otc 9 !* to wrayro* 

%*$H ^ ffasfa CTO* tfoH *tfctfert |fal *t*Irt I C*fa CTO* 
51% ffa©fa^ ^**1 «tW ^tfe* CTO* #R 
*tt*; «ltc* ^tar *mtly CTO ^15 *1% n«f I aft S^fB* §*t* 

•rrMjwi* ©^tcsrc ^ <rc, c*tt*rera* tff* c^lfB 

fafet tastct* ^1 frfa*i ** Hi i 


* “*$3 W ON I 



ca^t ( White Dawarfs ) 

smafro tot to mu crofro cTOiWt* fcTO A- 
&sttTO w»f m, fin w ©w fi *t$m «*i i ^ sjf® ^cn 
TO*niWTO C^atfa TOTTO e\X 

fN'sfire qfisi 3 |Rf® TO* 31 I «<fes*r *l*TO resfo wflCTr* 

TOft? filfin ^31 <fSt* qtTOft ^^Nf«f»l |fB*1 CT 

c*-fe TO*.*tfi* s^ri tos i «tF® fcsa 3 tori 
«rf% TO^fS mjf «tfroi tos ^ to TOit. toi froi to 

fil$ c*?fcirc> ntroi to =n i tw^Nrojwr tor fnft*t *«to 

TOTO^TOlPr C^fa 1*HI *1 TOflfiCTO TOT TO I *RR11 TOtt*? 
owfei frot$ fi^m cron (M jw w « ^ ©trorfro c*m*i to 

ffl>Tffi>* *FCn viwfel 4TOTO (RnTTOTO ^ I 4CTOJ OWTrat’ 
SfffS* TOftf*t C*tftFa •It'SHl TO I TOttfr* fk‘% ®ff 5 * 4 $ 

*rifivr c*?fire *it«ii *rs* to > 

*p*^ nwllyan's totoh to ^ i cnta 

wro c^afto ^J ^nr <£c* «ftfi*1 cw TOTTO -wfi 3 ^jc^ 
nfiTO «tof*w to, ft* TO*ni*racro c*atto w t^pd’lrof 
TOtcro TOitro to for ?to nrfron, n^*MNr«fn toPm 

4 

to i *t?w « Ifaafro ^tcro '®j^ 9 rtc^5 fertfwro TO*nfi* 
toto tovi nft* i 

iflft TOTO TOt 1 ^ TOtPT ^frol TO 5 1 -*>t ^f% T’fl TOTO? 

TOICTOI ^®Rt* 'srITOTO <4* a TOTO?«TO W « TO^. 

> 

^troftnir tot tototo *t* fif toi nc* Jfl i 

«(5^ TOOCTOI TOTOsfi TOf^f TOTO «tfrol gfiffl TO1* 
*RR11WTO W « TOTO ^ TO ©iftc® TO 



awft« f% 


1 TOH3 33$* finis 5tt*f {j^$3 TOTtlTOtafr CIVS %1 
it»iiill>i«tCT m i *fc«t tor ^fami *tf?iTO 

w I 

«NTOS» 'SJ5'9 TOTOLTOT I Wfa ’f? 

^SFrfatTO ^»tc^ m « i\ i#tf|«f»f«T5 w ^«ufTO f5mt»i 
tjtor «rr* site? m i $*T* *ra ^fwt? TOrofro %t£ *frora 

C&VS TO»tW «Rl TO I «flfo*| *FC*I 

» 

•r*ra f twto «tfiro to i ^r^tm 'rtmwr to roi^ 

qjirocro to 3 s !5 uit«n c«i%?r 4 *$ «n& fc«ttTO*i 

* 3 ^to 4?fB Ttro R’sspsf i wire 

fro km fc’iw* 33 $ f^R tops 6 !; to*w fcsi *|Wht 
<3>*rats toisitoi «q to i totoi «jfafta5 Tft TO»trc tototo 

fflro *tf*rc$ *rrfrow $tsi ^c®i TfroTtcTO tw^ frownri* to st^i 
^n^n tot ?$$ • 

*S$ Wt^l? 3TO^1%T nwt^f TOfr ’®ff% TO STO1T ^TOT* TtTO 
TORT i2ff^-^5r5t'^f^ ^£35 ^3J frt§>fTO TO | 

TOC$T fT*ft*l ^kTOf ^C$ CT TO*tf%C^ cwtp froH *$®, ^k 

Tiro tort ^ ’ifr’tT *$ *fcps froH *«rrt fc*tT «jR5-^gj«t ffa 

^n 5 ^ ’ffa c$«? fT6§f?|$ TO I TR91 ^tTO 5lTOT«f»t $1$ 

csmfcvfa crora i ^t^ct ^ t^ti ttto w «ito $$ Tfroi 

csr$T*f; &©t ^mTO to ^k stoIt tort tot *t*i c-srarof 

titoi 

^*^\<\% (JJSf^t ( Main sequence stars ) 

ifctifk CT <?itT£T£®T *trott*r®CTO CT^lT T*}RT TO"ltTO 
faffa ^tot *rfrotvt ^p to^ti fizm crom to i^tifB 



to i ^ 33 * wftet* «i3fa«i ^%ns «rtt* i 

^*c*f *f 33 t«|sr 93 *ftfa «it 3 ^tftyi ^ *m< 33$ 33^3 '*1*13 

^^•1 *1%3s 313^33 s^s 33353 ®t-ni 31 i ’srtirfwa 3tfj 

*1^3 33^3 ^3 fetfSVI I 

3*1*1^33 wv3\l> 3’tf*rafi|3 *K5*31 4$ COIN'S 5 3fas1 

C3t3 S3 I <ilt <3^3 33 i ai<3fil3 CTOT3 ^Sl*t fc«lC*IS 3^5 ; 

*C3 ^It3 *i33t^W33 c*sfto s^ffa* $^fB srt3s 

atoFw *ffa^ i ^ ^33 3TO3 *wt< 33fc c3*r 33<5it3 3fa*$ i 
'siwtif? c3’t33'SE®i3 15 « «3F 3j^Sfa ^rafafc aj^trf*!, ^ 3fa 3!tfj3 

31*01*3*1 ftfipl **313 1% 313, ^1^1 f^^Ng CTtiJ^'QSI cwl 

3f fas -'8 33 *H*t3 3t3«1 *fa3, ^ 3*3 sm<V *RP«1JWI1I «lf*3l *T5t3 

«rtt «ra^i 3cB i ^ caffa spw«f*i arm «n*ic3 »w; 

3133 to 'sijw 3$ 3cB, ^ '■ife*^ 3C^ I 

^ 'srfaira ett3 <£& 3»5lfa*l3 34 'e 

«1C33 hfaaiT3 3*3T1 S3 31 i 3%at ( spectrum ) C3 

«i*mj 7*47 ct»i 1 C5tt*t *ic^, **& c®%t^ 3t4 sst^i* 

C*l3fB3^ <3«13 S3 31 I 331 STfa S$ff® ^313$ *f331 TOOT& 

331^ W 3*^ CTfaS 31«31 313 I §Slfa*f3 'S3R«f»l« 3F33li3l3 
3tf3C'5 3t*t3 I 

^Slffac* 3R3^3l3 513 ^3tfl 3lWftc3 4*fB *|fa ^s 311*113 
C51C3 3C? I 3F33^13 TO ^53til TOflfaf C331 313 C3 3*ar«f»l 
34$C3J3 34t^3lH G#<3i StSl f33l^ I *tffa*W1 3J3 5 3 , *3S# f !3 3* 
3fa S5lSt3 33 C«t%33i 3^3J^f33 C333-C333 *53 *fa35 C331 313 ^ 
C3^ 3Rt3{3lC3 3^C313 3^3 ^S 31C33 fa* 3t ^?131 <3^3 *f3T® 



^ f% 

«Rpf i 4 $ ;wwf»ic* #qtiprtnr *rnri nto 
*f»nri c*rtfo$Ni ap^ oat% tor i 

%$ ^ ?i^< «riwrg <ps^t ( Red Giants ) 

^ c«l%a wwf*rc c*w ^ c«t%n ^c*W %©5i i 
pr®cwc*r^ *i*iroii ^cwp %a?r ^n« mn w f®fii<r ^ i 
^i^wp ^§f ^tcn wt«i*Nrc»ra ^ fc*i? w fte- 

>«S^ ^ItJR t? C 5 ^ ftfaf ^ ill I <?$** ijroq 

owlfe *i^to nv$ r^tpr «tfvn ifsn mra i 

ffiRtiyroi cmn *t* rnfant^ mu, fc*fa mc*i ^ srowft c^ m* « 

m ?^R 5 *lt? m ! 

■ <iit ^zm mm *ip6t 1 

^1 ^rt^tc^ ^tfre «mt c*tf5 -gn, «toi mar 
sfsri w 1 Rc*wt« ms ^ ;ma[?r ^«m^aR <?lf& 

( Omicron Centi) ; *te® «Rtmc , I «rf%c^B 

< 1 tRf 1 awes* ^f 5 ^pffa *raf% qirctocn 

mri *rf^itcf 1 Rwmr msR « <sr®t* 1 ^ 

« 

W TOWtffS fcrow ’ISsfta ^3 to*ic* 

CTfam Rtw $ 9 rarc , ra hc^nr men ^t?r ^*fft 

m to nc^s 1 ^ «rt£hi •wwfar Rffancnr m« *w *w 
^c^ju *itnr 1 ^tfroRr milter ^fam* 

«r®jffa ^kim 4 *r$ farm cn $?T* mf fcfa ft 

enjf cn® w f^r#K ^r, ^1 ^rtnr ft#H cswr ^nta Rf^^ra 
r* 1 m*R sweanr vf ^r &cs nfn *M»M ^ 

C8i ft^fK f? r «t*1 ^ aR^:at%?j ^u *M»M 

^ ^-rr^maf c^r fn^K m 



smsr? csfltfcsro 


t 

m i «rt£h imsra etfa ifa *}kwn 
vfis m cm ^ ifm\ $*tc* ^n 

gnu i 

•TfaFU C$W ( Stellar energy ) 

«rf® ^3f c* cwtfa ftflw *c?r, fc?i *rtc*it *1 c*t«n 
<4^ fe?t?j c*rc nfarfet *1 fa cwnr 

< *<n fafaftfe i *firci c«wi PmtOE 

tffa <?K*CS C3S? fa*fai fasi 5tfa *w fa *rct«f ^ 

i at «tfa ffa ■«*&* ««• ° • c*ifi> fa *fa>K5 i 

*rf?FI *rfe* ^ 

»iwfli*f*: 4* «t*t* *tfac* *rai fif^rw **n*fo5 *ifal 
*mrai *tcs? *ifn$ i tow *rfa^ *wtc^ TOifai faw 

awwtror >rfsrtfai 'srwn ^ *ft *w fate* fwi *wc* 
Tfc^i *ffar*> *firci »rfai sirp^ *ifetfai *it i fa* swaroc^ ^sr 
sstc*ra *if?w ^mi «tt$, fart ^rrw 'stf^ri *ic^, 

fatffac* ^ «WtW JfWfW ^ ^RR **1 I 

*5 TO qR $3 31*3 *K*?J ars-O '8tw *RWl*Ur»»! wtffai 
•tffal^ ^ ** 5fl ; ^ fa}*m f&tfft *%3 

w*i ^f ret* 3rtt$f33 *fai Jnfwci ffa* qtc* i 
Wf srH *%l wow ^N*f c^itf%f3*t*t jRt^trt *if* 

wft?r i ®rcs3 Jfflrt c^irs?? ^w,—«*tffatRi ^TOr «p*ito* 
m >w*wfc mnu *it«n *w i 

^ ftff* TOtit st^af^ *i*i qfori c.^ ft^hipftr 



*) 8. f% Stmt'S 

^rtw *£tftc*w *\\ ^ri *rtfro i 

tow ^swareftc* w*r «rtSfa i 

c* *ifarlw , ®rwc^ *nprtflL»f*i ret®: 

to ** Tjrtnr »w>i <r®cs? **rfaf?^ >$,«»•,••• 

o«o,oo. «itf?m i «rf% swsrat ^sRtu TO*r wtfe* 

*rm w*rf3i to i «rt* ^rtsrtora ^ spwrffa 

^*ratt ?pwit« to, C^f wi ^*!t$ TO*IJ i 


ft 3 T*W ( Milky Way ) 

5TO[ ( Cepheid Variables ) 

?W 1 »w ^fro 47ft wj^s fsfa^ cstc*t \ 

*rffat°s*r swwfSra c^tR <jf% 31 •, totH* ^ 
=wai CTfifira ^tc@fl fsraft^ TOt e 7fcqn ^ c^l <?ifc 
( Delta Cephei) TO1 4^f5 swaft flm 7%v® « Ttf^TO 

WJ 7*1 ** I Offac^ TO ?* OR *tTtPR[ WtCTl 

i 7f*si c«f<ri c*m wow ^twi 
fsrafsre *ft5 foe 7ti> spfcr* ifc* q’tc* ^ ^tfw! 

7C* I 

vflt 7t*7f5 373 c’lt^R'sc^ra fa7ri> cwf^rc 5 ® nt«fl 

*rtn i p ^5 «it*rai farcTtiftf® >rfctwi mftra ntf* i* 

<4$*iC*r 7ft$t C7ft WS3 ^tOTt^ "tfe ( Candle power) 


nftfttow i 



ftsm 


<\<t 

atfca *al w I RtCTt* *tfe a*faa1 CW1 C’H 

ca, *w*wrf»nr ^rtcm* af^ 5 i *wt 5rf=d acaaata aa c^rtfoatoa 
f^a ca a^aft-raca srawflni «rfcai c^i cafoa a^s 

fe?iraa wsfaa^ ^tcata 5 afe aafa i 

a sr«w«Pra mcata* faafas aRtsprfca *rca* ato?> 

^StCaa ^1! at% a*a1 w I v£)^f c*R 3«FU5a ^ICTI* 5t^f%fl 

aaa ®w *firtl at«a1 caa, aa *fts ffa i cataasc^ia 

cart* afaa&pfa wn *rtcat* sfqfar artwe at«ai caa at5 fa* i 

*t?6 fast^ataf ^ ^»a **Caia Rttat* *tf^ I C*ICW 5WC3RJ 

^ns afata«i feriw atf^a arfaai fc*ta sterna* «rf%* ^taai srtfare 
atfa i ^taacaa afaa&^a ^tcatofafafc *ro sroafSa'S 
»«ftrcrt Rtwtapifva afaatt srtto atai caa, cac?^ ^»taa 
^ttcata 5 rtfot 4 a 5 i fw fc^ra ^ topi cafare 

*rt«ai ara i a^a sterna 5 wrftw «ta*» 'srrc^ta 5 “flip &&*r 
^t*i oral at^o® *itca ^ i 

fc*ttnr ast*tr*ia fa®a attac-ie ca^t* *tfaa^*%f TOit*- 
fapfc **ra *itsai cAm 3? etcaota artfto® «ttai ^ p i 

C’tHWS ( Globular Clusters ) 

4? aft* catatfw ^ '®rra 5 tc*f estate frrfttfa '©tea TOfo a^al 
atf^ta i ^ cafatfs-fnc'sa ^ai catatfl fc%«ns 
assRl affata caa?a ^ cafatfs arrta*a wt* W?, «afcpt wrca *■*$- 
^s? wn?t cafaos af'eai ata i TOafa etta »wra 

cafare *tt«n ftatts i cafac* at* caata 

•w aoi ^a inrf5 f5p ^ai5 atn to ^a 5 aca ttfas i 



^rt^s < 2 ^ 


c’lf^rt^t? m$*s$Q ^ ^ mu ^rfc^ ct«% 

« 

*rtc*fl finfivs mIr ^%i *rw* are ‘tfks *\Vs 

to i ^n =war ^ *t% ^*1 *i?sr i 

**wfi> swipjaf ^c=s 'strrp 

51 r, 8 «o <^p aftM I R RtRTR 4 *R RRtEP C&TlR 'Sltfpl ^rfftCTO 

ib-,8 • • *jpG ^rtan «rtre i <4^ sfa 

qtaRs *re*R qf^l *rRttp f^c^F ftef|*i, «rr*rtoR 

*prc ^f%nitc^, c^Rt « s(f?fTO; to 

nt$\m ^tc^nj c*?K*\ ^fSKtc^, ^t*R ^tRj *?*tTO 
*trr *trr c*\i*\ fet^n f^nrtr^ i 

«icg m m m$ ^tt^* ^tRi?r toj ^jr 

^Rffe* ?tf$<f ^*RR ^RtCP reRtfa C*TRFl 3 ftaj I SaRRI 

43 ?R R *Rfl C5tR CWfac*l ^3J^ IR C*ttR I 

dn*r jpr pftew <rai n%tc^ ctor «hott* 

ib-i,.«» ?ftc^t 1 ifl^sn jr^cs* »PF»r«fSw pra fs^R 

*firai cw*ri fSfotts r-^« f»r a^troi* ^ ^?n *is*rrCl jtwr 

1 

Ifam 

Wt caflro cafore qtsR* to «tro few w ca tos- 

«f»i «tR*tc*R *iro ttr^ s^r ^ics 1 ^n ?fR«n ^ffe 

Tfstft* 1 fro **pr *mR toto^ ftp wrfro> *tri farfoe, 3 t?tc 3 
to p, *iRtw utTO* -Shs*t ami ^*11 

JR-apjCW sflRt stfRT WWPW ^R 5 ? 11R ^RI ^R 

owrt 1 ■ *tfe^ ftfi ^ *w«t ttr ^firai *m 

f^tTO R. ^ ^R ^Jtf*ral W=f *fwt< ^t^PR 'Q 9 ttR?f R*spC3RI ^tc^ri 



* 

sroa *ttr 

#■ 

# 


% 

■*. 

m «fet-fltw* df> 

^P«1 <fl$ fw ^d 1 

*r* foftd> «<fcm fa 
*imi qfl 1 

l - 

% 

- Y 

f *T w ** 

% r* 

O 

• » 

8 

W 3itfart *nsr iiferf 

ffe? c^n c*nr i 

«ift cw^ ^1 *mr c*Rfe <«Nw 
faf | 


ar'ffto 1% <2r^t© 



# 


f&s 

qsr|srtcvf?r ^ ^ 3Wtc«* =m;zra w.*n 

<*i^fg <a*f% >rt«rf?r«t =w^s to i ^?r <*TOfrst<r 

c*ffac*r ^TOtt-TiT ^3 ■srterf^ 

f%*^ *l<© I f5%5 'STfcTO •& 

fTO ^r 1 'srtTOnf 's ’s^f* ^ w\^j 5is> 

<4& Tpr c?r ^ ■siWen ^’sp?\ vfccs 

£r^f*T C*rf*Rt<T C58i *f*OT c5lC«tt -rl I 



0 

fe?i c«*f ft# «ttto m =ii •, c#^3i ^**t 

^ w< cw^rt^ i 

ft^ ^*t ^ ^ ft# c^ftos ’tt^i 515 

jti i *rfatc*tg ivft ’ttft'®, «t*i ^mn 

^Wri^ Wfa ^*1 <3Pt #51 §f^5 I 

WWPI* *rf**Hl Tft# «t*l *Pft5l C*to ^1«9 <n'^®1'5 ^t* 

ft# C^f^CvS *ft«5'| 5t5 31 I # ^tOTfaSft 3^3! 4#1 ^tWftJ 
«rpFWCT ^fto ^tC5 •tt'OTl 5t5 I # 5$<I #B ^t 

^rtottfra torarctw* to jftM ftre fto fsrtotc^ i m $% c53 
^iiftiij? vrfir “ft^i” *f%tcw!i i # 3t*rtre 

"StW* sfl WtWI ^ l 

# 

# 5t5m W3* reJtft^ltot5'Q «I|S5 qtiffl fw$ I TO* *f* 

fljtfafas $tst* ^ pfto# to ^$i c#rww iftre *rtf^ic»!=i« 

*pjw|j ^ TOSH TOTlCT #© I ^WW ffllto *TC3 p C*H 
C^ *R TO C©*U:#* $*t* 5^5C^ TO1 Wf$5l tott^ I 5*fftt*l 

to 4#i ftft* «rai «ito —tow ^t^ptc^Rf c^ to ifto §to« 

*iftTO i ^ fp <#fftTO TO*tt TOt* ^ #51 tos I 

*** ^Vl* *jp^ TO i#f%TO ( Sir William Herschel) 
^ «m *1*FJ TOR C5 ^TtsfRl 6 ! KW !WWfi|CT ft'jV*! Cato'S §toi 
ct- 1 ^#i ’ttoiHi ^t?l TOrtt tos i 4# ft# wtoto 
TOtti* w«ij swrotop TOrfa to i 



* 

^ HH'ssfa f^fenrl s^fatcn 

I «W3I$1% ^SRt^S STftft 3)^ f^5 CT^Tfa I v£WlM 

f^n f%fn ipi ^firctf^FR i irtenr sire *%§] ^ ararf'a- 

5C2R HtfkHC-f (hub ) ^f^s, fH*% HE£ I 

’hihrhi ^j ^ %r& ^it'SBw ^tfkww ht$, ^tc^ mf^- 

53? ^re 4*fi> 'HR* ( spoke ) ^*f* I 

^ f**t^ 3I^t^53? s^T*tt*f f^TR* 5RF* 5^5 

*rrtre^ i ^jr cwm *t%i *ir tti hi; 

<sm « «,o o o ^treR *^* for fc*t* Htfwr i 4$ h**^ *rt* ««wf5 

^ ^l^s f*** *rrf*?^ ^rtcw i hotc’R c*rt*rm* 3w^«f»ra 

c^ft ^tfscvfc 5 *^ tot »w $ HH'aflLtsft c^ *tre 

* 

«trt i 

«Sf f**tl> W35C3F* Rif (thickness ) ^fHtR* Wt#5 l vflt 

c*r Rtti> c*ifi> Tft i t?t* nfafa «w<n =raai Htoa i 

t?t* HtfaWW I t?t* «ff% <HR WJT^fa H^35 *qf**tH 

stfsiRKS i 

<ilt 3Hit35CaR $|R $tR Jflifjnste SRI ^?Rl#s <£R HRtt 

^sTfrnre cwf^tcNg *ft'8?n hr hi i c^mn fc?itoni ftto hiri 

fRtrift ^rsre *rfs> arn ^tc»itt *it*rre hr ^twwi Htfirai <RtR i 

TO *MJl 

4^ affit'QBcsF* tot sfnre ^Rl f# w ? «torc $** hh®t 

^C*T9 Ht^R HjRR *RR 'H*J* 9 f I 

<HHR9fl IfG* HR* f*Hl HtSfEHJ HW>fa ®to *tt5 HR HRlR* 
C**?t C5tR «R1 *tc? Hi I to HR HR* HRTHJ *to ^5 
' C5tCH5 HtHCH ^1 ^d I HTf^S ^C 9 !^! ^Ht Hire H^Eara 



^ff'9U31» 


Wl *fall I SttH ( opera glass ) 

fan Cfffac*T 41 H^caft ^fa* <RT| *TPP I 4^f& ^t?tt ^fa 

*?tffac«i «n w fa^ *w cwi m i fcmfa 

H^ffa ^hf 8» tfa *wfac«l CW1 *tt W C*lfa« ^ffa TO 

H5faTc*ra *c* ffSfi i 

*ara ^tifa *m\ m, H^cara Tf^ji < 5 ^ ^tfw» 

«itw i h^hkh* f*** ^facnr (> * o ifa) vtniffc 

cts i® c^rfS wi *tc? i «rc*wi $%\ pffai (*•» ^fa) 

09?FfS 5tr®C5t §*T* $&*rW 14 C3 'SIW sjj$H sj>SH HTO ffal 
^1*1 «fa(1 cn *fa« *tt^l HttcH Hi I 4$ «f» H*t*tt*RI 

H^arafa «fan <xi tffrrc ’Mtl hi i 

9 

H^ajS^ S&Htt *RI CSJtfanfc* fal% 41 H*1 

TOl CW1 fail fa*raci H^srstarc ch*?! amcBi H^arsfa Hlfa- 

«R9f W*CT fasl ^ ^fCH 5p5 ^ Hi ? 5PRSTO3RI 

im *t ii fa ifim ? 

H ^3 5U11 CHsft «m ( rim ) ^fa-SftH HTfa$'®C*Rf ( hub ) 

*\n screes fc*t* stfon *ipp hi i pitowni 
'Hfat* 'Q nfo *w ^facn ^faqni «nw ^ ^fara *rm i cnfa- 
w»n cnm *!$jli ^Tim «ntfa«i . Hfart^ *%$n «nwi 

HNiurtw $?t*i in *t*rfan *m hi i c^tH* mm nfa 

FlFfaTai Hfa Hlfal Hft, <51*1 §*tH1 «15'8 HforM*! 

cfafasi ?rrfac<s hi *itfan ’Wr* fann *$ch i 

C*PtH '5tC*?l ^CHJil Htsfl'M'l **PW ^’RI fH<»* *Pt* I 

at* H<5 fa^C^ sJtfatH ^*Rf <a«t* <5 nS CH^I I 

fa^cS i-\m «f9 HtH«it^c<5 ^f5c^ cm 



• | Vfa* 3ft I $$ VS fWT> *tW fctfCT 

3tfNfa ^ C3Ft ^ I 

swa? sea?* c*tfare nt'sui *n* i swwft row ^tf%- 

5 ^%^ -gs^Cn <IT^H •Tff® s l'SC9t ^t %1 ^5 ^Cn5 

«Tfa m I CTtwtsra ^ wwft 5^ 

^5^ C*W «Wf*M TO I 

'srRrtoft *?% ^MiJcaRj qtfcro «ffe ctctc® 

?ri3i ^ *i^ 5ft^9i c^t iSstw «Hffa«i ^fkTO I 4$iR*l ififrl 

sitf^'oro iroft srtar «ftfa*l ’Ffat® c^H 3 s faj*r c^tft 
artc^t 1 wi >r^r ^rtsprrft*, c^ ;fl '■rural vfft sri ^tf®- 
nm t&us ^fns fcg 'srwtra 1 ^Tfsr'Ste'ra fafsrfa rtai 

*rWwr *^rtt5» ^faerft *i»pRtf ^tPRj «ft?*n ?rtt 

W 1 

c*fhpw®ra 5 t*®f*ra Ttfi-*ifiwfl-cr*r nftft cw «rfo*i 
j? ' 0 ®rc *tf?* ^fk 5 ® *tifk ^rrcs swtts ercf*F«i 

^vs RTORt C^f Sftftr® *ltfk»T TO®f*ra TO ®rt ^1 TO *^r| 
•ft? I 

«lf® RSFsfo fc*ft CTOlTO 5(tfTOK*ra sifajM*! 3ft Jfl, 

%T5 ^tokto «rf% srt'trMc e ra «r®N fc?t* fc*ra *it® 1 

*FC*f ^Rwl To t ^1 *fk»T ^fiffl %5 *ltfif I 

^fvl SlTOft *109 TO efft ^flfl *ftltfi[ I 

'Q^*? «3RWl ®rtfa, *WWR >nrfN TO^ ^ 1 ? To fwfl TO 
*fiCT SHt'SBCaSft TO 1 TO*! Wtfk® ’Ttfa 1 

»nfcrc*t 3 ^rt^c 3 R ^^31 nt<oi «iri •ft'ori ^ 1 ^1 

a ^t*rrt c®tfl» c>i fw? p«tc^ ^1 5^ 1 ^ 





c?? ^firat <stfe c*k?w ufS 'qRu® 

«*fre, ®t^t ^c»i arait'SScarci ^paj ^rl <8%t c-ft ^%® •»•• to* 
•nftor ! jwt* *tw ^ toi c*t^ **i • fr*t 

^ qfirai to frsffiii ^c® *m i 

ftrtt» awtwcaRr wt£N *«*ra fnras w ^tf%- 
^ ’stfj* tot w i ®tst?$ ^ ^ 

^ ffc'S* *iwi ^mcw* «(M cwft »n*fl >1 faiftfor 
^fB ^fvppit« *»n m i *ies ®fprft <s$ w ^fStwtf^ 

4ft*$ ?% cq TOc*i?i «twr "^rtcs* q^n *tfar ffa 

w *fo i 


*8 






g*rr*s f*ro 

vfl^ W 95 OT^ ^ C*TC ^1 I ^^WPI* CT 3 Wt' 8 - 

5C3R CT^t, Cf\ ^t^SC® 5 * *ftC3—'■rfW ^ F3Fftfa TOPS?? 

c^® *nm m \ 

^ ^c® c 5 rf^tc 5 i TOfa ffTOl s$c® ft#® 'srfc^t:^ 
at* csrTtf®c® cwftc® *rr$?i nn tt® i *rs ft^H stor ^ 

>^N <=rt®i c?*ti m ; ^ ft^d mtc*r TOfa ?ftuft 
^tCTO ®ft®T5piT?f 41? ^c? ^fBfi ^d i 

^tsfa®^ «IW 1 ^ft® TOWC** 
TOWfal *lftrftr® ?m <4? C^tw oq#1 ^«| *Tl®ftE*f 





n 

c«r«t caai aan c^tn safbM fc^rca? ^tatfacMa sro 

fta^ wx, ®an «& ^wttaa ware *j*tH <r*tfc «rr»tt aw p 

c*ta sarrman TO®f% "’fesc’t ^fiftrl §d i 

^3 ^C® cwf^w 'if^’f ^it'953FC^ H^ta^la 43? C^tM 43^1 *H 
CHC33 H® CTO I 4$a*l mTO ^'953^ 3Wt'Sf 5 T9 
( nebula ) a?rt 5OT ; *t3«l Hart'afa^ ®tfa*ta ®aita5C3F3 

3i*f 3*1 *C3 Ht^ I Stefa'S $ erttta* ClU aft1 «WH 

<s**ta sartafaa a^f®a® faai efrt saitmaF afal® *^atc§ i 

W «W5t 3^9 fa© 

<gfera ef^ta aratafaa m far i ofRc^f 

*3, C3H afC?3 fC3 fi*H f®3 ffo 4a3tt1 fH3t& C3C3 ^t«H *tff?f3tC§ ; 

4$«fH ^RtOTT 3ffif®5C3F3 3£3jt ff*al fafaal C33t3 I 4^3i3 
*faatlt$ apat«K*a^ war *^c® f^Ft^al at%a *rtai *f*r 'Q # 
**i* wra can ajSfas hc*i 4^a«a >rtwi's *t*i caa to 
*^ c® ;romca «rt*N ^f®ai ^tc? catac® *it«ai ^rnr i 4 ^ 5*1 «p*tji 
*$c® cam'll ’tfiN $ftca hi i 

R^lsi <2^t^ s^rt'® f^f'® 

fa^la eta?tcaa aart'afif®^ 4a? 4af5 ftf®a® arart'SsaF } fa* 
H*ta?tc*ta 4 hh fa®a «m ’Htcsca ifa-rtfl faftei faai 
catas ntoft ®tca fcatftota w 331 art hi i 4 hh fa 4 ® 3Ffaat« 

fe*tfac*ra ^T®t£3? ^5j 3 %® *tt3l art HI i 

CHJtfafftl ^ 43? ^arca ^*tfaC33 3$® W ifa® *ftf*afc5H i 

$rttat afcta *f* a$i» 4 hh fa arc** *rt ar® afaal a ! dt3fca?a ^f® 

•"Ka?t®a c?rd* fcaa arttc® ^s*r c*tn awt«Pf« *$c® «iws ^ti 



i w «r°nfe 

^fcaifc** ^iHfir Sftc^f srfc^f f®n fsra sttc*it* fo^ ^fifcri fcrfs i 
fof®$ ^rfr-^vrsfa spra *n®*te ^ ftffc =ic? i 

vc*i* fora »i**[ ^f'SFcap >w ?w sffc^ ^rt^tfo^ra 
•^rfpiT* "tfo ^ qto sflpfirei Mfoc® fofon *rra i 

»flt*1 *lfl few W1 Wt^$ ^ «tt*ts <4*R 3TR 

<ra ct?ifo®^ *\\m 5»i i «rra ^mftpw srrfo's 

qmtfi« &&pi s«*i etntfsR i dft w ^rtter^wro 

( Light-year ) foil f<^ Nt’fl ^ I 

*rfttc»ra * fSwfaq ^tefoaSt i*v 80 wrfa-^vra 

i *tc<rafB b-o V oo ^tc«it7-^>nrjoi i ^f® 

^jNt*! > ^C® « *tft*lt* *tt«f 5W ^tfot^r, ®t^i ^tfe 

^ wra *$u& qtart wfw ^fotfo^ i ^ ^®*f fcvi ?$t® *rtt*rfa 

^*ra ®^5f ^f*rai s^t?tc*ra ftfos <topti c«* ^fort 

'srtB *w wra iforl *rtw 'srfaH sw «*m ^tol *ti^»i i 

v*pr ^ waftww «nri *tfaift5i fww «f» ^tRc^ 

C5fftffoi**ra ( Cepheid Variables) «fa*l 
Wl *K® 31 I ^BPCTCai ^ftw fcftfiPfo ^ 3tffo® ^ I 

cw *ifo*rt^t pffac*! ^’fit'aftca* 'srf ^5 *nri <ra-?f 3 

^c® ^tcsrl *tfot CTifiJ *vra »rtw i 

's^=r 

*rt^tw* arat'OTaF dt?R'8C*Ri sj® cs^i 3® 

sitfWMIW *lforft C*W 'Sttfo 4 ! *foi1 ^t*R Wfa 3tfa® 
•ttfiratoEi ^ii? cs*$i cwfo® nte^i m i 

wi feflftot* ^ c^t ft ^rf^rsr Ttfoc® c^ «iPfc«ra swwPi 



?wt« f% <SWt« 


V8 

srtffcwnr sirfto ft-m ^tor «nPn » 

4$ «to e i-’tto’t «rtto *ftto snffcww «tf& 5 W srtsm^to 
•ffiwtt ^ii *w* i 4fcrc*t ^isRtffa <ii^i ft»m ^fwi cw 
Pnitoi«arartefTOaPni «R arto ’PrR i 

3Wt^f s f'S®f9ra *K* «SR >RR ^C»l« $^tto?l apttffl 4* ■ 

sfa c^tt'Q ▼hm ^ i 4 *r awtw* *tt«n Pwoe j rw- 
tofl cj# «twra spraafto 3rt=fl ^ntw f%* fea *pto ♦rtto'e 
Wttfte srtffcwrcr sFfafsfto f«s 

^to *mn ?n i Ww»n =rrfqw «pw *fcrci«&» 

^rai c*to w i to^ns: «Jhsn 4 «r« sitf®- 

W*BT !W**tPf «C*t ^t*t* <5^*1 *ttOl ^ P 

*rrra i 

stoW* WTO atWCfil Wf»T *RHM 4 «tf)V 

*mn Pmtcf, pwto c# wtfi cwfei pft wmr *ttc-i 
ntm fc*tto* towP fciftlj cw^ra apsn^ta ffai 
$d i 4 c*r «rto^ ^tft w^Pr-MPra 4*fS *rw ^fwi i Ht*irt 
v*i^ ^ ^^gsj apitvfta 4^* qpf ffpgi ainrftprfc* 

Jlt«Ttf5 ’tNI i 

*itro cm «itw, arat'atotJPr 

to 3R*t: *wi*ra ^itw 4^ wn *m *cfae 
4^ aiR*tPra^« *ito om *rfa i 4Wfa 'srtw 
*tto «rw tfrci ^n *tn i 4$ *nt 

*lMg CW1 ’flfa*W CS'fcl ^l 


fci 



ar*t« f* 


wrt« fat i 


3R»f: ^6 srW? 3^5t® 

is 

h«s m*h * 11**1 



'^$1 

co^l ■srt^l^r at**i ^fiiraaE i 











C5*ft ^Tttf I ^?rfa ^Ctpf 

sra?* , »rW?r ^ 


<& 

t 


$*fc\ g^rf« f*rc«appf: 

qfetf i 


T.V 






CB^I g^its fa 9 
^tfrnn ’if®-ii tow csjsri 

fa'sq-N sjtu *for?r flat wi (xm\ 

i ^^5 *ct ^«( ^pra awt® fas^ «2<i*r 

Sapfafa nt» ^ <2f^t<T ^ 'Slfeam %C« W 1 si^WPRf 

c’fft 4 ! c*tt*i ^*i *w *fcw§ ’srfart^ fen ar?*! wt*i ft*tc* i 


♦ * 


A'Was. , * « 


*T 


»>***►*• At * * 





Wrf«f*N» qft C5^1 p, ®t*1 *fc»l 'STtTO'6 4* 

I 

•rarasw 

*rtmp{ hfafcra ?wi ^t? ?f*re i ^t'of^t'®- 

srr*mi v^<t sofa's, bw ^i 

4^PI awt«f 5 (c-a *\*m ceil ^%r« <tf fa jwgw «rf®i wl *iw 311 
*iHf®i c*fa® *iewivr sr®, ^ *nwtijtj *rtu i arc* 

3JT«Tff5 «!tf%W 3’fit'®fa'©'®f®T 3R-f: CB^I ^C® 

cwi i f^ <$ j$ sil Btfas sj® jt^T cs^i -a? 4 ! 
®®’?«i 4 ^%® ^’^^ ^li>c® cw^ji m m i 

ewe* srart'sf’TC'S* artecwt swarefa i ®t*t* to 

3 5 flt'af 5 mt*rfa CB*tfct®tt *1®^ *P3< *^C® «tt^, ®®t 3Wt^f^ 

W f®3 f®a ^awfl® *j<tf wf^Bcas: *ifa«t® s$c® cwi *rfa • 

’flfanw apft'SpfC'Q^ ^ptc ®tfroi *rf%n «pr^ij wpjo? 

*ffa*t® ^c*f, ^ ajwPf* jp^f bIcto 3® «j<fa ®^rt'Q 

BC3F *ff?|«f® TO I 

^ S’fiTsft'QSTfal ^t'Sf’t'S TO^c® ^t5f® 

WtJ TOiTO S^tWaF CTO I ^ itf*TO «<lvt fwtt 

c*rPw to *«n ^tTOj to c*t, >$ TOfa wttpitnr ’tfwtwi 
Wfaffa toto ^c® j& arait'Qfa'G ^tc®T aj^fa^fa® 

#n touj tosto ^irt'OBtaF i 

TOltffaflt? ( Physics ) f5|*t*' Jtf® 4^R*f apfft^tPTff TO«fr 

•ftTOl *TO i ®a qm *nnt1flf TO^fro ^R® arci: ^®^ 3^® 

<dt%®! *iw f% «W9 ftf®* 5|$c® sitre, ft%® 

^rw?r *tft® *rts^>ftt* ®froi *rtroi ^tfro ?f?ic® *itft • 



•ftgg *i* 'wtsto gfggi gtto, ^rog ’tgg'rastt? *tcg *tor ■ eg 
fgf®g ' 5 rtgfg atg*i g*m ^sfsig gtgss 3Rit'®f*t'8gt*Ttg wf% awt'®- 
f*!'® apit®5aF «to «if vs f\tpj cggi gtg 1 

fggfa c*w wf^ni cw f^ fg*^ qpi gfg«F5 gg, csfapr 
'qgfgcgg ^s ^r? *nmti*iji fg*tt*i fg»swi g^cai *tfg«K5 ^g 1 ^ 
fgit® gre gfgrre *ttgl gtg ggrgtcg TO®fg 4* ^gf& ^teK^g 
w?% s^gi gtw egg 1 

vugrfiJ morsf^ to, ^tgjpfa cstM geg ^g? *ra 

«rr« ?g 1 egg grfggi ^fg^fag cggg «tg <*tig ggt* ^ 

f^g gg^gfag *fF5 Wfg *Rft 1 

•TO»C3i?f l^-f^t*i 

jwirsfag #3R ^;r®gtg gfggi 4g^ gtcg gi 1 ^ $ gtofw 
«ff% ggesigt g^$g *tggt«l^gslt$ s&gi fggM cro gfgg;© *g, to 
vtg 3R*t: gfgre gteg' 

b 

^rfggfot esrJTfcfttog greswai *itto ggg gfl w geg 
ss<R cgf^s gteg ^^rtgtg, to gg gg 1 g^ra-tog «rfRs gtgg 

tog #g fggfte 1 gtgg-to TOg gg gegt:?to gto ftfTO 

* 

gfggl aR*fs gtfto gtcg ; g*F5 to to gcgt^to gto to TO 
g^fto gttg 1 

tons gfg to ®i *g, ^t*i ^c*t ^rtgtcgg *?% cgtgre 
T5fiT-f w frt gfggi ^rfgfg « fttos *jggfc*W ^g &r*m 1 
^g sfgro ^rtjg gttoj t^l gfto ^gl ^gfi> ct^gtg gtgtg 
gfgg^s ^g 1 <sgg ^1 «ft« « ^t*t ^fggfg 
ttfwtg *tw gcg^ Jd, to to sNufo tomw ^g 1 
vfl^g ?g '®f%^g to Ftto cgf^t eg ^tgtegg 



ararto f* atft« 
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^ ^t^«i jjf^fWT *$<5 «rf^fc*f3 ^srtwfa ^rrcsit^fsaj 

^^‘"t •fl’Pfcl fwlt> a^il'9 f’TO (Nebula) TORt^ ijC3 

' 5pt ^'® 1 $ to 5^rs xsrttro ^ffare «tfs 'tts canSi sitm i Jiasn 

^tS) cvffi 3^rs farrtlfcj ^.-f fafV? 
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'‘iWl^fe 4*fl» ^55! 3%t8 53F ?tf$C5ES I Site 45fte *lM Mfitel ^tartc^n 

Jispfr *^4¥ts« c?rt> 3tet*U"te ^ c*tt*i ^ifr'vwa >if^s *i«ri 

fH I *!t* *FSJ$3 3PSfit9 Pit'S* *lfo* Vtfcttlt** ctfcfc «tel *fC? I 





VR C’ttTOPt Sffi5$<1 I ^'fa'9 

c^d $TO to *f*ral wl *rft ?d i 
feat n 5$ •fTO^W TO TO «R *fcri <Ttt hw i «*fc w 

ffcaj«f3| 'fetfwfa fe^l (X CTtCT^ ^tllft* 3G?» f^"% *F 5 J 3 3Wt'«- 
fwr*nt festa erat*l I 

asrtef'WH sm 

*w ^sri? JitTOJ fe*ff^s ' *rff% i 
»fl^TO ^tf»m c<wi *rra *feqw h«tf^ ^rtf^Rj attfto *ftfa»nr 

£ttfta <%i *ro ^ c#tot%*rc, fowtft* 5$tTO* 

r 

at fis aratePt'afe *firai ^fwrtre stffirai c^tt^ ^ri^nrt 

fe*tf^$ i ; 

«tffN 'Q ^ festsl ctftoR cn 4$ fortfc "dtor *itta 

^1 ffe*[ uwfat* l c^*r ( space ) ^Jt^t $ 

c*mti c^rtfesiw (w <j**j *nrt«f fta) Mm «iwiffa ^Frofetcro 
(*ff?t<^sr) *tfkm wi»?Ni' sfarofl*! i *tffe* *tPf »ct 
^ t 5 ? sfe i *m *tffe cm «rffe»i i c^sri etro 
cm srif^ri fel^t i to c*k w\n «w %l 
sftre »itf^i i 3 R*f: 4 $ «t«rt *FPtK srtsfl *nRt^roaHl i , 

r 

far arotcs* fai ’Ttro^i i am: hm 

cm cwsn to fe^roi wfir»r i fiw t w w *rtf*f *wf ^icto 

mi ^ 'twm to ^fffai fefat ^ to to W #Ft^1 

• « 

TOt'9farof»i i ^5t?rtt *r«ra ^fartfw i 1 



we *r \to to ^m— 

«tw TOw* «jtot cnhi *ttotnR[ to ^ §*tTOto to i 

tote, 'TOFft c*ilwtoll 3Wfv85C3p? ( Galactic system ) 

v 

WtJ TOW TO 4^f5 I 

tocw ^ Wes* hTOw* hoS* to» c^Fift 

erftTO TO, 'Q ^ TO'SrcaRf to wil>1 

^ ^ TOftKiCT TOTl f^r-awt'0 Hto ! fa 

C*tt ? HI, ^ TO*J to-We ‘fl’W 

JJftto CWtCH TOC^ ntw C*THft$ C'ftto ’ifta 
hi i hi to 5^ns TOrftsfai |i5?i *rtfro wrfro ?ri$ 

Wtfihrf •fftfl *&TO*tott nfa^ ^11 to-GHtf cosmic dust) 

TO to wtol *lfTO I 

fawsnwfa 

3WfCvQK fasft ^Htffa TO fcfl ^ WlHtOTI toTO TO 

«rtto To Htt I ^ *lfafr CTO ^Cfa ^C*T€ totffo TO, 

ft* pftrft Jtffo to*HWtWW HJtfS ^wflH #*f« *[% TO I 

to »tfN toe hhsw *rttora to ?fcri stott*, c^ 
to ntoft i 





IrS 

— J-J-T XU 1 

3f«ratf§ ^ j c^a? ft to **$t*tt rtfl 

i fc?fa $*fW3 c^tsf *tftra wm 

i fjwi seirft srftrft^f'Q fa fa ^ftrocw > 

a 'surrt’H ^ c3 '=rm ^ fcwtfa* ffccfc tot 

31%$ *ltfite fc?1 3m: PrfW ^ ^WtfTOft ffa fa 
?kv§ ^c? *i^ttc«cf i «tt«twt ^j ^pj towci ^j- 

%s*r nton fan to to 33*1 i 

f^3 , 5CWPf? ^it'SRSP!! 3lft*KW 3tt3 TOft# s«3ft 

^?i *rt3 C3f3-*trac*i3 S5t?t3t3tfto toi *tfare 3to5«* 31 i 
*CTI 33it'SK3F3 C3fi-<2fCTC33 K3R 3131 3ttoi w: 

’i^wcra ^*3^53 starts fe ftifoi *t*ifat* ^jrai siftc®^ i 

s^fatFl* 3F®3 <33*3J ®t33t3, Wfa « 3^ 33it'Qfa8$f3'Q 

ft torc*r ^tc*i ^3i«5f ^n cq C3ffc3 if5si •prfott «fi ^t 
^5^ 31 ? 

torn frotst ««Trtfrtc^ <a«t 

c^sthi rsiph ^ fito 3'S^fa ^srsfar spwnr 

sm\ 3ttoi tffon 33t$3t3 C33 3tftr3t5 i wft we- 

fa^3 v#rc*f |ft*1 33tto C33 f=RRPt« ?^5tcw. 3WJ 

^53 c3-n *it«n fates 33 C3tft 3t^r i *tt»r C3*r 

3tftc<® 3tf?re *333 fa Rtftc^ *ttar, 333 ^st3 ffon 33t^3t3 

C33 «rfe3t3 ffai* cvr c^^i ^i *iftw i ss33 fc$i 
Rtwi Rt?i ^T 3 tew 3 f3t^» cHtftra ntfto ^ 1 , 333*1 wtOTi ct c3t , n 

f& 3^ 31 3f3it^f ? fC'Q?l ^533 ffi»*1 33t^3t3 C33 C3% 


arafa fa 


wtt 3*twnr fast* fast* w c*^i &v& «rrfa? i 

fast* c 5 ^ ?e*t* , srt**i wtOTrt *rc*We «rf** c*rt ffBro 
*tfa*, , ®rf^i wr c*w® sjfai c*^t flS^t'e «rt*tc** 

tf*r®*itf*c* Jfl i w *rl* p ;**rt'Qfa'8 *1 cstw 

*rfa* sn i 

u c*t£l ^wt*-**,^* ^rc*fT fat®w 3*it'®fa'®* «ifa* 
*t*l *lfarta5 i sffa affit'sfas? fe*rtolw r-f^rsrt* c^ift *?% 

*fft* i '5tfa*s5?r ifa-tr^ pffa«r* *rt*i «rt*e *t%*i ^t*® ^s 
s^fa®* ^Tm pi *f%* ^5t?t* fforai i 

Vto 

•W5 *lf?H 
sttwriii Wtwt 

( Polestar ) 

*it*R ww stftftw *8 *fct* *i«s*t* *it* W i 
^f?T5 'WSt 3 ? ^3*1%** Sulfas ^fa*! CT fa^C® 

TOT, & fa?* ift** I *fPl^ ’Tftf *t* *f*I*l '®rt**t'8 
>if^s ^faR *\i& *t^c®fa i fa* rr*i c*»fa®fa— 
*tfa®E* 1 ’FtSlt*! *1*1 SttfS'fo'QOT* VftlttPlW * 8 

^fatte* c*zw *tfan 4**1* ’H'f tfurPw *f*re owi *tt i **fci- 

vJltfa^ cfltfc ^1 *5 5*«>*t*5ft* ^fall I 




3 Wf 


S 9 > 

*rt$ =n, cik «ra '*^'8* ^«rtra 

^f*s -sR^ttrc sm^trt Tfa cstw *fp? m i sn^ptct— 



v£j^ &i ;*«F3jf5^ i ^ ^t^c'i ^rfC3r ^^5^ cwf^i^l 

**1 I 

f^^STfa (Ursa minor ) ^S9| 

^ ^5t?twt*ra C*tt N5t<rtf5 $1 I 41 WC?f s$t*1 I Ftf# 

fifsnri 4*fB 5^t«i ^fwttw. 4ii 4? c^tc*ni *nr *f? 

fc^RT *It^ Mf^II I 4k 

c"ra ^mf& #i ^11 *r\w I 

5 T$f^R'©*f ( Ursa major ) 

$1 sstUfa fag fasfd^ 'STft 4^f& C*ffaro •it'efl 

i\i i ^ orfaro f*t«*rtcira§ 41% ^5tt , ®'e i\v&$ c^fare 



^rt'S f% (SfctQ 


to i ^ jwwft wt i $$mi 5^tc«i <3 Ftf%t5 
cwf^fc^® 9 ft«?t TO ^TOI ^t3FW 3F^, tfrai ® ^ I 
« 3F^ cTOf ^finii <3 mw cKffc *(t«n TO 3F^a to? 

f^fS ^1%^ fan iRC3 ^ I 7\^ ^t3FC5( 

^fan* ^f*& «^rflfs 4$ ffcrfB ?m\ fito ^ imp *ifan 

^Rrarcs • «w)[ wj ®fwi oito cstw *tc* & *mr 

^*R> ^Wp ^stfll *rtc^ i <4$$* TO i 

®ftctai i 

^Pt^ft ( Cassiopoeia ) 

#m CT to TOftw ^rtc^, ftmfr® to 4^f3 $i*tf«j 1 W’ 
’TOtra ^raw c*ffoc® *it«*i TO i TOf5 ^fC3i ^ ^f5 i 
TO I WfifW <TO TO ceft^f TOttfi ?ra 

TOfto c*fto *wm to i 

Tt®^t *msr 4^fi> toi jflTOroi to^*! i 

TO^fa erftro TOtto ftfei sstTO *inrafl? towi 

i fafr « <to*fi cto ’ffinrt, ^ c?ito* toito to, fafci 
tototo stf* m ^to» ^i ^ n ®tro Rmt ^*tto 

^ I *fl^ ^ «W—TO1 Hitt'S tfwl ( Gamma Andromida ) ;flCT 

^f%t%x® i *i*rafl> cwf^rcN® sfoTO< »w *rarfi> ^kr® 

l TO pfte*t %1 ctfto ^ cTOt^ft yxsH\ toI 
*rc® i ^iratTO *n®f5 mato «« 5jvrc3 4^TO afoto i 
^to $TO ^ ami Btfirt® ^TWtTOvni i 

Wfl ( Capella ) 

( Orion ) jR apRWRRl Wff fetW TtR?l ^1 



TO *tfro 


(»» 

TO i ntft wn cut! ifati faw *(ffa 

wi ws *& ic* i fai ffafc fat$l v wn *rtitci fiwft 

&«?T TO cififf® *tt«H It?! I mm 4lf& SJtelH ( Binary) t 
falU pi «ttn tt *!ttTO IMl I 4^ ^fal 
TO call <§* I 

fraft^Piq (Hercules )v*m 

fai itcn fe itiftfcfri TO1« «fltaiw fai n i ^ 

Wl ^f& 4 t ( Bootes ) e $tcH (Draco) to*I$ $&? Office 

nt^n iti i #f 'C itci to ^rtfefS to f^fvrai 

fatft U WP TOtR TOTHl ( Corona ) TO^Cl fa| &F5 
CPI It! I ICltltl StTOfo fa$ Cfft faflF ^ iffa 31 p I • 

( Vega ) ^3^ 

l*Wtl falt*W 4^5$ &5TO TO I TO $31 cTOttfo 
TO Itl 4T> Vff^*! CTOttfo TOlf'"t fat* 

TOfl ltl I fa 11% iffal 4?j& TO fclft ifif | 

5 T'8W1 S^tfal ^ 'S aF^l TOTO Itl fl^ ife ci*R m 
mus ffa frtf to p, % cifat toito iti fro 

^pf%C«T ’®rfsf^CN» ffal ^ifTO fal1 >§P1, 'srf^f^'s ■€ (Arcturus) 
TOara cTO *fro nfiiti lapp? iffa feftci i ^fsfore* i? 

foil i fati *rm «jtoi is 4i* fa stoi fow ii *rntflra 
^ji *iw trt i fai pi stfoj-r «rfcro-TOi i 



( yirius Region ) 

t*1 ^ WW ( Canis Majoris) to I 

wnr srrc^r fe*t* stffito ftfirai sites ^ar f$? w 

( Canis Minor ), ^ ff$ w*( ( Canis Majoris ), ^ (Taurus 
—the Bull), W ( Lepus -the Hare ) « (Unicorn— 

wf <*w* ^fl *r«) i *jw *rfa*i **ww 

% 

rtwe r%5 sj'QPi? <rfan otf w 

to ^ ^tofw wi *nrwr*f to *rt* 

^I5« ^ i ^i Ctffat® ^Nt® i 

Orion Region ) 

toijr *ijfuriw* wPrttvr '■rcto i to *jwtpi 

*rato toft fifinrt TOt&ww *fto *tfwl $fSnrtos i ^ ■ 
$*!*%& TOTTC TO ?Cil TO« S[W 5t*1 CWfttfa 

*ttn i *tqto 4^f5 ssfirni m srtfwtw, toto* 

TO I TOIjKW ^ to* fesn ( Betelgeux ) 

fetf* V ®lt»l ffft 4 ! ( right) to* TOfr Ofto *$— 
Wm ( R’gel) | 4t TOI TO 4^6 fes* 5 ! TO ctfto *lt«fl 
*t*, TO ^tto9 ( Bellatrix ) I TOTftCW *ft*C^* TO 

to TOt* ^ tow to ^ *pi «m *firai tffwi tos i 
ittprtSi ^rfc^T—stfa TO few cwrrti c*?to 

TOTO^ *fai tow c#r® tosi *to i TO *tTO (Rigei) 



ii,»** 15*1 I ^t3f1 5WS3P3 

»*o tM, TO feTO *3*1 I TO1—3^4 W[' 

l ^ , W*I 5 TO < 2^rc?( ^N®«T ( Canis 

Minor ) i <<^ ^Rl ^Pl^t s^Firfe^ TO aRpfl (Procyon) i 

▼tftpw 'S TO1 tos ^f5 TO«Jp? s^cTO* to* ^ i 
TOto ^to »tcto f*rai cfcfto i 


?rf*t5<5 


^tTO p qstwtw c«to *rr«?i to i tTO* tot TOfS 
to*to ^c r ® *TO ^c* qtflrai o$m ptet* *iw «jjG 

nftcq ^f*TO \to m\ to i «t?w* $toi m ; 

£(to to toto -Shsn ctto i ^ pt*t* *ww aptfop 

( Ecliptic ) TO I ^Svs: toJ* *lto *IW I ^ TOft ’TO 


p* TOto totoqto *t*fB TOt to i 

p TOra^ ’ffafto TOfi> ^TO ^c-r «ro ^f%c«r, «ff% sto* 
p W = °° fafet i ^1 «sffe stft* ^j to «• fisfsr i 
*ttoaF* TOTt*T* to i 

^faf& *tfn* =?t*i ctf'Qui to s 

l CSft Aries i ^| Libra 

* P Taurus b- ^to Scorpio 

* fst’ip Gemini a ^ Sagittarius 


8 Cancer 


">• pf* Capricornus 


« fto Leo i i pj Aquarius 

159 Virgo ** ffa Pisces 



3pSfff'S fkp 


• ?tf*t scarc ^twfowfar *ife *ifirft® war* ^ 
cws*i c*m i oii«f»Rr eiFswfc *nm* >rct* fw 'srcft® i 
WWft 3*tffo <5t**1 ®ft*1 *|fta CW1 *t* i 5*fi> *tftl* 
^ if? w* *nptu, «rfo wi ^f5 *firai w* 

*(P5 i 


*rf"t 

WS 




** 


f $, c*tft%, t S’tftrai 

«* 

fil5 

T ?, TO1, f ^ 

8< 


T % 

tn 

ft** 

SWl, 5Ft«^, i &5* 

ni 

wi 

f fc:, Wl, i ftafl 

r 


* ft;, ^r®f, -i ft*tt<n 

Mf 


1 ft;, «raj*toi, c^i 

R 

n 

^fTf, ^^51, T 

W 


f fe, «W1, T *ft&1 

JV-f 

ff 

^ «*:, *|*f%*|, ^starwi 

5**t 

qft 



1jW5: *tfa*fM^ fllftw ^T fotH wtw 

^%i ?rm ^ wra ^5 ^tm *ftrai Tt# *tftt w^ffi c&n ^ t 
fcptft *itPi c*n stftiro ??, ^ *w? *tpi 

fsit? stfttre $wfft aRts^t* fcw *rtw i ss * i ftw *ffWlw 

'Spff^pfi 5Rtn arfaffa 3^ 3**f5 ws C'St 5 ! i 





w-fa? irrft ( Leo) 

wt?l ^ *R*toao»i« ^ « <$to a«n qtoi 5JTO 

^rf«Tnr wfa sto «rtto ffliw otto 

*rt«n i wi ?to -jr fVr^hs to fa 

tosrft *rato i «wr «w«f wto ^fB ^*uwl 
^rtffasr® i 

^ ^twwon arfsf Wl ( Eegulus ) | K 

*rfa i tiPrt *rfro Pro *rr$to to mn ^ tostfr i 
srtt ^rtPT toatfto *jtfwn ^rtw c*fto •it'em to wi 
Pro >np(to toto> ‘W §?fa c*rc$* c*to to tswfe ^ toff 

*Wf *W ^t%(Tv5 c*f<n ^*1 ( Denebola ) | 

irrft ( Gemini ) 

^fat s f'SC 5 f «^fB 5 T**F 3 r ^ftS> J ( Castor ) « 

( Pollux ) I jRtftft *fto *!<TC1 ( Procyon ) ^to 

ct to* «<ti *it«n to ^Tf J frfaft $ s^fB TO I ^ 

*pw ffctott «ff4 frit* i 

5^<-^§ gtft ( Cancer) 

to « to? *rto touct to^s i c ^ Wr «twi 
i to ^ftoi odto ^«»|4 ^rfcrfre «rtc*rfto j^i 
^ to cto to crop i ^i tott* totems *Pnu cwnf^Dm 

^tTOWFF CTt&to ( Praesepe) I TOW WftHrfa 

fwi cwtoft ^ ^4 m cror Jtot* ** to ^d i 

to JtpRf to ^*WTO1 ^ »wCt’ TO croi I ^ TOfB 

itPnr i 



Jsb- 3TO1* ft 

*30 Sift ( Virgo ) 

# 

to*ttowto « wtft ^ni ^ *tfto wto *rt«rt to, 
&TO toite to * to i TOft ^tro 

torai ^5 totoi* ^ cro ^ito gratis i *wft- 
WTC 3F^ * ^fi> cTOt tontl to « cWtfe •It'OII TO, 

fcto ^ TOt^n ^ TOretm to fa^© tow ^ttora 

wtf© to ( Spica ) fc«PITO ^ajfa OT<n tow l 

^Ttsfft (Libra ) 

**t* *tnft ^ittora to i ^roito utftfis *?toit*rt* «tro 

ftto s^cw ’ttorc^ i TO) irw 

tore cwi TO i ^e to c^Jttoi *ire ^TOrto i to 

TOTO ^5TOf«^ ( Denebola ), wfatto to (Spica), « 

TO) ( Arcturus ) cTOf tow «tm *RTO to®r TOttw l 

ft%—■p sift ( Taurus ) 

topftpws ^fitos tofi> sst to crotmra to toroni 

TO®*! to® tow ^ «ttre TOto ^pf (Sirius) saw ^ to 

tow tot vw tol1 ^ to *wnr ^rotfN TO 

TOtotTOT ( Aldebaran ) | ^ ^ tot* 'W'fo tfTO ^ral l 

^ tofa tor sww cro «w «w tot, $to TO cto^ 

(Hyades) | ptot* «fto «RW W ^wto *TO1 *f3TO^» fcTOI ftol 
( Pleiades ) toffl to to I Jjrfhw toll (tow ftol <*W faTO 

sjw^nscn ^fiftri i 

TOtoTTO[ ( Aldebaran ) tot* SPTO ( Gamma 
Geminiarum ), to TOf^RT JtTOS ( Gamma Leonis ) « 
*Wai >TO ^(t(\9 i 



WtR ( Scorpion ) 

^C5* fflW CTW Tl ‘S’ *r*CTO ST® 

syfafa®*! CTplW *ft'Q3l HU I Itftfl* folk '5fa tfffac® 
*it«d i *tf*t* ^ jwtara srcw ^fS 
jtfc^f jfr WPrt*| *Ft* I ^t?f ^ C^ltl ( Antares ) I 

( Sagittarius ) 

^f»s*F «n? Ttf*r i ^ sj'scsi jw$ 

srt^ I c^tfe C5tfr s®t*1 vaC5Ttts)C9lt®t^ -SflR 

^a i 

«PW—5^3 jrtft ( Capricomus ) 

^ stfttffa ^ ■ffa i ^?tr®'e ftw c^ ®f?r¥l 

I fH. OTJtf^toc* «W1 ^’pai ( Altair ) ^ irtfts '®re , sf® l 
’IW^I C^Ttft’ffrr® ^tt*F ft® vfl^^n-( Aquila, 

the Eagle ) *IC«(T M31 I 

* 

'S TfW-r—( Aquarius ) * 

( Pisces ) 

; 5tf a tr®'Q c*?u ®twi i 
*fv? (Markab ), sftcsffi ^5^nst3r 9 t«f ( Alpheratiz ) 'Q C’tt’ffi 
( Algenib )—^ fW& <$t*1 f^R C*Ftt«l qtfafl W5I W5 

C»tnP!t*F ( Pegasus ) ;rtCT sstSTR®^ ^tf^atc^ I 

CW»ltPR l 

«t«P<—wtsifft (Aries ) 

^i-nt^fw ^rffttwsR aw ^atftr cw*f c*ffat® *tt'«ri 
i >$mi r*o^c®t kwvz Tt^ i 


( base)« %*wtpw srW «rw *rfTO # ^^5 W^JT 
^ Tf% ^f% to i to ^fttcw 4$ *ar 4*w 

fK <# *rtroi to qtst* $ effa-%^ 5? to stwt* (*H- 

to*) >tto aw ^froi to a ^Www &*n to 

fwt« vtft® ^ftot®! **i ^st i 



4 TOforl ^ *tofo 5?9 ta«tfTOH C^Vner ( Parallax ) 

^tofeiR I ^t 5 ! fCW ^ffott ’tfjCT ^fol \5>?fa 






«tt? «Tf3 f*fo1 

frfa* ^ i fB?car ^ bjn * b fta own i v <i 
ib v...... ^ i <* ^ »ifcfl x ^twm Btto 

*itta *fft?i fas*M **i w i 

fa* * « <1 <jfa?fa WIW fB bn BWR I 
’NtWto CW1 ^f5 ^ ^tWI ^ 

sfo i fittt «p ^s *rN$ #rai *ftrci >rctwN i ^ 
^ 3 % ^ x* cbw V c$ <iwfc c^t*i fcvt* p i 

^ <tc* -ShjPt 4^f& 3% *rf^5 X* CBN B%1 <*rcf& 
C*ft &*W 5B I 4$ &Vfe CTtPfo fawN ^ ?X*f CTfC«fB 

’raft i <*fac*f p Btpi ^ gjffas x Bstwi a , ?N^t e i 

&*W TO[—’tt'Qfl C*W I 

*wX farc^Ftc*Ni ^ ^Ixb ^i ib'b,® o»,ooo v£)^» ig^ - ^ 
C*tPfr ,p ff?Rt«l Sffal | ^n54B *jWI ^X, ^ 

BX Btfp ^31 I 
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*tf3f*t$ (H) 

firs; to 



W* 

(Sirius) 

Vb 

( Canopus) 


(Vega) 


mm (Capella) 


(Arcturus) 

8i 

Wm (Bigel) 

(01 

*RTO1 (Procyon) 

i«*4 

aWl (Altair) 


(Betelgenx) 

*•© 

(Pollux) 


fel (Spica) 

^Oo 

C^jil (Autares) 

'Slro 

(Regulus) 

«<b 




arraijirR 


1 v£)^ ( Encke ) 

\D'\s«\a" 

ww 

1 Of fk*1 (De vico ) 

^'8*9 


1 (atFft ( Brorsen ) 

• 

«*8«t» 

* 

1 <M ( Biela) 

VW 


1 ?ft(Faye) 

V««» 

§ 

1 i>ti;i^ ( Tuttle ) 


> 

1 *^-3^ ( Pons-Brooks ) 


4 

1 ( Olbers) 


4 

1 <$ft( Halley) 

% 


4 

1 fop (Finlay) 

'i»'4€'!» 
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